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GLOSSARY O F TERMS 

P = p r e s s u r e (atm or T o r r ) 

V = gas volume 

T = t e m p e r a t u r e in °K (in v a p o r - p r e s s u r e t a b l e s , T is in °C) 

t = t e m p e r a t u r e in °C 

( G ° - H ° ) / T = Gibbs ene rgy function 

( H ° - H ° ) / T = enthalpy function 

S° = s t a n d a r d ent ropy 

Cp = s t a n d a r d heat capaci ty at cons tant p r e s s u r e (l a tm) 

AHf = enthalpy of fo rmat ion 

AGf = Gibbs ene rgy of fo rmat ion 

Kf = equ i l i b r ium cons tan t of format ion (e"'^*"' / ) 

AHv° = s t a n d a r d enthalpy of vapor i za t ion 

AHm° = s t anda rd enthalpy of mel t ing (fusion) 

AHs° = s t anda rd enthalpy of sub l imat ion (= AHv° + AHm°) 

AHa° = s t a n d a r d enthalpy of a tomiza t ion 

D ( A - B ) = d i s soc i a t i on energy of the bond A-B 

E ( A - B ) = bond -ene rgy t e r m for the bond A-B 

k(A-B) = s t r e t c h i n g - f o r c e cons tant of the bond A-B (in dyne c m " ' ) 

M = m o l e c u l a r weight , 

CJ = s y m m e t r y n u m b e r 
o 

r (A-B) = length of the bond A-B (in A n g s t r o m uni ts ) 

I = m o m e n t of i n e r t i a (d ia tomic molecu le ) 

I , I „ I p = produc t of p r i n c i p a l m o m e n t s of i n e r t i a (polyatomic mo lecu l e ) 

|3 = 2.799076 X 1 0 - " / l 

CD = fundamental wave number of harmonic osci l la tor (in cm" ' ) 

Z = ground-s ta te quantum weight 

Z = 2 for OF, SF, SeF, TeF , SF5, SeFj and T e F ; 

Z = 1 for all other molecules dealt with in this r epor t 

(g) = gaseous state 

(1) = liquid state 

(c) = crys ta l l ine or solid state 

u = (l.43879/T)cD I 





THE THERMODYNAMIC PROPERTIES 
OF SOME CHALCOGEN FLUORIDES 

by 

P . A. G. O'Hare 

ABSTRACT 

Physical and thermodynamic data a re presented for 
24 gaseous fluorides of the oxygen-group elements. Data are 
also included for the liquid and solid states where enthalpies 
of vaporization and fusion are available. The thermodynamic 
functions - ( G ' ' - H S ) / T , ( H ° - H ° ) / T , S°, C| , . H° - U%^, AHf, 

AGf, and log Kf a re tabulated from 0 to 2000°K. 

I. INTRODUCTION 

For many of the simple fluorides of the oxygen (chalcogen) group, 
thermodynamic data a re sparse and in many cases nonexistent. The need 
for thermodynamic and structural information on many simple molecules 
containing selenium, tellurium, and polonium was emphasized by Bagnall. 

This report represents an initial effort to respond to this need. 
Many values in the present report a re estimated, and an attempt has been 
made to attach meaningful uncertainties to th'em. In most instances, the 
accuracy of the data do not warrant five or six significant figures, but the 
tables were set up in this way for the sake of convenience. 

II. CALCULATIONS 

The thermodynamic functions C^, S°, - ( G ° - H ° ) / T , and ( H ° - H ° ) / T 
for the chalcogen fluorides in the ideal gas state were obtained by means 
of the r igid-rotator , harmonic-osci l la tor approximation^ over the range 
0-2000°K. A computer p rogram (see appendix) was used to calculate the 
functions according to the equations^ shown in Table I and to derive values 
for H° - H° , AHf, AGf, and log Kf. Where appropriate enthalpies of 
vaporization and fusion were available, thermodynamic functions for the 
liquid and solid states were also computed. (The computer program is also 
able to fit a polynomial equation to the high-temperature enthalpy data over 
the range 298.1 5-2000°K.) Tables of vapor p re s su re versus tempera ture 
a re included for the chalcogen fluorides whose vapor p r e s su re s have been 
measured . 
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T A B L E I. E q u a t i o n s for T h e r m o d y n a m i c F u n c t i o n s of 
Idea l G a s e o u s C h a l c o g e n F l u o r i d e s 

T r a n s l a t i o n P l u s Ro ta t i on 

D i a t o m i c M o l e c u l e s 

C° = 6.955079 + 0 . 0 9 1 4 1 4 8 ( 1 3 / T ) ^ 

( H ° - H ° ) / T = 6.955079 - 0 . 9 5 3 0 3 8 ( / 3 / T ) - 0.09 1 4 1 4 8 ( P / T ) ^ 

- ( G ° - H ° ) / T = 6.863426 log M + 11.439043 log T - 4 .575617 log (Po/X) 

+ 0 .953038(P /T) + 0 .0457074(p/T)2 - 8 .005804 

S- = 6.863426 log M + 11.439043 log T - 4 .575617 log ( P o / x ) 
- 0.0457074((3/x)^ - 1.050725 

N o n l i n e a r P o l y a t o m i c M o l e c u l e s 

C° = 7.948662 
P 

( H ° - H ° ) / T = 7.948662 

- (G- - H ° ) / T = 6.863426 log M + 18.302469 log T - 4 .575617 log a 
° + 2.287809 log ( I A I B I C ' ' l o ' " ) " 10-297926 

SO = 6 863426 log M + 18.302469 log T - 4 .575617 log a 
+ 2,287809 log {Ij^l^lc^'^O'''') - 2 .349265 

V i b r a t i o n (All M o l e c u l e s ) 

C° = 1 . 9 8 7 1 7 u " e - V ( l - e '"") ' 

( H ° - H ; ) / T = 1 . 9 8 7 1 7 u e - V ( l - e " * ^ ) 

- ( G ° - H ° ) / X = -4 .575617 log ( 1 - e-*^) 

go = 1 . 9 8 7 1 7 u e - V ( l -e""") - 4 .575617 log ( 1 - e - " ) 

E l e c t r o n i c (All M o l e c u l e s ) 

- ( G ° - H ° ) / T = S ° = R l n Z 

A l l m o l e c u l a r w e i g h t s u s e d i n t h e c a l c u l a t i o n s a r e b a s e d o n t h e 

1 9 6 1 T a b l e of A t o m i c W e i g h t s . A d d i t i o n a l c o n s t a n t s a n d a u x i l i a r y t h e r m o 

d y n a m i c d a t a a r e l i s t e d i n T a b l e s I I a n d I I I . 

U n l e s s o t h e r w i s e n o t e d , t h e r m o c h e m i c a l d a t a g i v e n i n t h e t e x t 

r e f e r t o 2 9 8 . 1 5 ° K ( 2 5 ° C ) . 

T A B L E II. C o n s t a n t s Used in the C a l c u l a t i o n s 

C o n s t a n t Symbol Value 

Ice poin t 0°C 273.15°K 

T h e r m o c h e m i c a l c a l o r i e c a l 4.1840 a b s J 

Ve loc i t y of l ight in v a c u o c 
A v o g a d r o n u m b e r N 
P l a n c k c o n s t a n t h 
G a s c o n s t a n t 
B o l t z m a n n c o n s t a n t 

R 

2.997925 x 10' c m s e c " 
6.02252 X l O " m o l - ' 
6.6256 X 10"^ ' e r g s ec 
1.98717 ca l d e g ' ' m o l " ' 

k 1.38054 X 1 0 ' ' e r g d e g " 
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TABLE III. Auxiliary Thermodynamic Data 
Used in the Calculations 

M 

O 
F 
S 
Se 
T e 

AHf°(M2,g). 
kcal mol" 

0 
0 

30.68' 
34.90' 
40.20' 

D°(M2,g), 
kcal mol" ' 

119.12* 
37.72* 

101.2^ 
75.7* 
60.85' 

AHf°(M,g),^ 
kcal mol ' 

59.6 
18.9 
65.9 
55.3 
50.5 

^AHf°(M,g) = -|[D°(M2,g) + AHf°(M2,g)]. 

III. PROPERTIES OF CHALCOGEN FLUORIDES 

A. Sulfur Fluorides 

1. SFfe Gas 

a. Compressibil i ty. MacCormack and Schneider' measured 
the compressibil i ty of SF^ from 0 to 250°C at p re s su res up to 50 atm. The 
following equation is applicable at 273.15''K: 

PV (Amagat units) = 1.015317 - 15.114 x IQ-'P - 20.25 x lO'P^ 
- 6.81 X lO-'P*. 

b. Virial Coefficients. The valJes in Table IV for the second 
( B ) and third (C) vir ia l coefficients in the relationship V [ ( P V / R T ) - 1] = B 
+ c / v . . . a re taken from Clegg et al. 

TABLE IV. Virial Coefficients for SF6(g) 

t, °c 34.19 49.86 74.86 97.18 131.3 
B, cm ' mol"'(a) -259 -230 -191 -164 -131 
C, c m ' m o r ^ i a ) 19,920 18,710 15,720 13,910 12,390 

^^'other values for B and C have been given by MacCormack and 
Schneider ' and by Hamann et al. 

c. Cr i t ica l -s ta te Proper t i es . The cr i t ica l -s ta te proper t ies 
(P , t ,V ) have been extensively investigated. Table V summarizes the 
best modern values. 



TABLE V. Cr i t i ca l - s t a t e P rope r t i e s for SFj(g) 

P.., a tm t,., °C V^, cm^ Pc' i ci^ 

36.76 45.5 
38.27 45.55 
37.10 45.58 
37.113 45.547 

-
-

199 
200 

0.727 

-
-
-

10 
11 

8 
7 

d. Thermochemical Data. For the reactions 

(1) S(rh)+ 3F2(g)-SF6(g): '2 

AEf° = -290.59 ± 0.24 kcal mol" ' ; 

AHf° = -291.77 ± 0.24 kcal mol" ' ; 

ASf° = -83.36 cal deg"' mol" ' ; 

AGf° = -266.92 kcal mol" ' ; 

log Kf° = 195.6. 

(2) iS2(g) + 3F2(g) - SF6(g): 

AHf = -307.11 ± 0.25 kcal mol" ' . 

Additional thermodynamic functions calculated by statist ical mechanical 
methods are given in Table VI. 

e. Data Used in the Statistical Calculations 

M = 146.0544. 

r(S-F) = 1.564 ± 0.010 A . " 

Symmetry = O^;" o = 24 . " 

I^Iglc = 29.405 X 1 0 " ' " g' cm^ 

CO = 775, 644(2), 947(3), 615(3), 524(3), and 354(3) cm"' . '* 

2. SFfc Liquid 

a. Vapor P r e s s u r e . The vapor p ressure of liquid SF^ from 
0 to 45.58°C is represented by the following equation:* 

log P (atm) = 4.38846 - 8 9 9 . 4 6 / T . 

The vapor p ressu res calculated from this equation are given in Table VII. 



TABLE VI. Thermodynamic Proper t ies of Sulfur Hexafluoride 

13 

T 
(UlsG.K.) 

0,00 
100,00 
200.00 
273, lb 
296,15 
300,00 
4U0,UU 
900,00 
600,00 
700,00 
600,00 
900,00 
1000,UO 
1100,00 
1200.00 
1300,00 
1400,00 
1900,00 
1600,00 
1700,00 
1800,00 
1900,00 
2000,00 

.(ff -H° )/T 
(CAL/DEG7M0L) 

0.000 
49.112 
51,330 
54,900 
56.047 
56.131 
60,460 
64,447 
66.126 
7l.bS3 
74.690 
77,627 
80,369 
82,937 
85,349 
87,624 
89,774 
91,612 
93.749 
95,594 
97.3S9 
99.039 
100.652 

(tf-H- )/T 
(CAL/DEfi7M0L) 

D,DOUO 
8,1716 

10.3572 
12.6986 
13.5116 
13.5712 
16.5993 
19,1455 
21,2291 
22.9342 
24.3422 
25.5181 
26.5116 
27.3606 
28.0936 
28.7319 
29.2925 
29.7885 
30.2303 
30.6262 
30.9829 
31.3060 
31.9998 

r 
{CAL/D6O/M0L) 

D.UOU 
53.283 
61.686 
67,599 
69.559 
69.702 
)'7.U60 
83.593 
89,357 
94.467 
99.033 
103.145 
106.BBl 
110.297 
113.443 
116.356 
119.067 
121.601 
123.979 
126.220 
128.338 
130.345 
132.252 

? <eAL/DE8/MQLl 

0 .(JUDO 
9.1942 
16.3807 21.627/ 
23.1303 
23.23S3 
27. /B!y 
30,6574 
32.5074 
33.7439 
34.6016 
35.2169 
35.6714 
36.0197 
36.2623 
36.4987 
36.6615 
36.7986 
36.9121 
37.0065 
37.0899 
37.1535 
37.2114 

T 
(UEG.K. ) 

0,00 
100,00 
200,00 
273,1& 
296,11? 
300,00 
400,00 
900,00 
600,00 
700,00 
600.00 

(H--H| „) 
(KCAL/MOl) 

-4.0289 
-3.2113 
-1.9970 
-0,5598 
U.UUDU 
0.0429 
2.6113 
5,5443 
8.7090 
12,0295 
15,4453 

-AHf 
(KCAL/MOL) 

303.74 
305,35 
306.55 
307,03 
307.ll 
307.12 
307.26 
307.16 
306.91 
306.58 
306.19 

-iGf 
(KCAL/MOL) 

303.74 
296.14 
266.41 
279.07 
276,39 
276.20 
265.66 
255.52 
245.22 
234.96 
224.76 

LOG Kf 

INF 
647.22 
312.98 
223.28 
202.6U 
201.81 
145.86 
111.69 
69.32 
73.86 
61.40 

900.00 
1000.00 

18.9376 
22.4633 

305.77 
305.32 

214.60 
204.50 

52.11 
44.69 
38.63 
33.99 
29.33 

1100.00 
1200.00 
1300.00 
1400.00 
1900.00 
1600.00 

26.0684 
29.6639 
33.3230 

304.85 
304.37 
303.89 

194.44 
184.42 
174.44 
164.50 
154.60 
144.73 

1708.00 
1800,00 
1900.00 

36.9610 
40.6543 
44.3400 
48.0361 
?1.7406 
55.4529 

"703. 4T 
302.90 
_1_02̂ 41 
301.92 
301.43 
300.94 

2000.00 59.1712 300.45 

134.68 
125.06 
115.29 
105.53 

25.68 
22.92 
19.77 
17.34 
15.19 
13.86 
11.93 
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TABLE VII. Vapor P r e s s u r e of Liquid 
Sulfur Hexafluoride 

1 ( C ) 

o .uu 

2 . 0 0 

4 , 0 0 

6,UU 

b , 0 0 

1 0 , 0 0 

l i l , 0 0 

1 4 , 0 0 

16 ,DU 

18 ,UU 

2 0 , 0 0 

2 2 , 0 0 

2 4 . UU 

2 6 . 0 0 

. 26 ,00 

. iU.OU 

. i 2 . 0 0 

^ 4 , 0 0 

i 6 , 0 0 

^ 6 , 0 0 

4 0 , 0 0 

42 ,UU 

4 4 , 0 0 

P(TORR) 

1 2 . 4 6 

1 3 . 1 7 

1 3 . 9 0 

1 4 . 6 7 

1 5 . 4 5 

1 6 . 2 9 

1 7 . 1 4 

1 8 . 0 3 

1 8 . 9 6 

1 9 . 9 1 

2 0 . 9 0 

2 1 . 9 3 

2 2 . 9 9 

2 4 . 0 8 

2 6 . 2 2 

2b . .59 

2 7 . 6 0 

2 8 . 8 4 

3 C . 1 3 

3 1 . 4 6 

3 2 . 8 2 

3 4 . 2 3 

3 5 . 6 8 

LOGP<TORR) 

l , 0 9 b 5 4 

1 , 1 1 9 4 8 

1 , 1 4 3 0 7 

1 , 1 6 6 3 2 

1 , 1 8 9 2 4 

1 . 2 1 1 8 4 

1 , 2 3 4 1 2 

1 , 2 5 6 0 9 

1 , 2 7 7 7 6 

1 , 2 9 9 1 2 

1 . 3 2 0 2 0 

1 , 3 4 0 9 9 

1 . 3 6 1 5 0 

1 , 3 8 1 7 4 

1 ,4 (1171 

1 , 4 2 1 4 1 

1 . 4 4 0 8 6 

1 , 4 6 0 0 5 

1 , 4 7 9 0 0 

1 , 4 9 7 7 0 

1 , 5 1 6 1 6 

l , b ; < 4 3 9 

1 , 5 5 2 3 9 

I / T ( K : 

3 . 6 6 1 - 0 0 3 

3 . 6 3 4 - 0 0 3 

3 . 6 0 8 - 0 0 3 

J . 5 S 2 - 0 0 3 

3 . 5 5 7 - 0 0 3 

3 . 5 3 2 - 0 0 3 

3 . 5 0 7 - 0 0 3 

3 . 4 8 3 - 0 0 3 

3 . 4 5 8 - 0 0 3 

3 . 4 3 5 - 0 0 3 

3 . 4 1 1 - 0 0 3 

3 . 3 8 8 - 0 0 3 

3 . 3 6 5 - 0 0 3 

3 . 3 4 3 - 0 0 3 

3 . 3 ? l - 0 0 3 

3 . 2 9 9 - 0 0 3 

3 . 2 7 7 - 0 0 3 

3 . 2 5 6 - 0 0 3 

3 . 2 . 3 5 - 0 0 3 

3 . 2 1 4 - 0 O 3 

3 . 1 9 3 - 0 0 3 

3 . 1 7 3 - 0 0 3 

3 . 1 5 3 - 0 0 3 
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b. Thermochemical Data. For the reactions 

(1) SF6(1) - SF6(g): 

1 mol 

ASv" = 19.58 cal deg" ' mol" ' . 

(2) S(rh) + 3F2(g) -SF6(1): 

AHf° = -295. 

3. SF6 Crystal 

a. Sublimation Point. -63.8°C." 

b. Melting Point. -50.65 ± 0.2°C.''' 

c. Vapor P r e s s u r e . The following vapor p res su re - t empera tu re 
relationships give calculated resul ts in reasonable agreement with each 
other: 

log P (Torr) = - 1224.S/T + 8.7360;'^ (l) 

log P (Torr) = - 1 2 3 1 . 3 / T + 8.7648;" (2) 

log P (Torr) = - 6 2 4 . 6 9 / T + 2.78753 + 0.014731T.^° (3) 

Equation 2 was arbi t rar i ly chosen to generate the data (from -100 to -64°C) 
in Table VIII. 

d. Thermochemical Data 

(1) Heat Capacity. Eucken and Schroder^' measured the 
heat capacity of SF^ from 13 to 230°K. The smoothed resul ts are given in 
Table IX. 

(2) Enthalpy of Fusion. 1.390 kcal m o l " ' . " 

(3) Enthalpy of Sublimation. 5.46 kcal mol" ' . '^ 

(4) For the reaction 

S(rh) + 3F2(g) -SF6(c ) : 

AHf° = -297.23 ± 0.41 kcal mol" ' . 
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TABLE VIII. Vapor P r e s s u r e of Solid 
Sulfur Hexafluoride 

K C ) P(TORR) LOnPdORR) 1/T(K1 

- i u u , g u 

- 9 6 , 0 0 

- 9 6 , 0 0 

- 9 4 , 0 0 

- 9 2 , 0 0 

- 9 0 , 0 0 

-68 ,uu 

- 8 6 , 0 0 

-B4,00 

-62,UU 

- 8 0 , 0 0 

- / 8 , 0 0 

- 7 6 , 0 0 

- / 4 , 0 0 

- 7 2 , 0 0 

- / u , u u 

• 6 6 , 0 0 

- 6 6 , 0 0 

-64.OU 

4b.04 

54 .30 

65 .19 

92 .83 

110.13 

I J U . l / 

153,32 

179.95 

210.50 

245.45 

285.30 

J.5U . 6 0 

381.96 

440.05 

b05.55 

579.23 

561 .91 

754,46 

1.65362 

1,73483 

1.81419 

1,89179 

1,96767 

2,04190 

2.114b2 

2,18559 

2 ,25515 

2,32326 

2,38996 

2 ,45529 

2 ,b l93U 

2,56202 

2,64350 

2 ,70376 

2 ,76285 

2,82080 

2,87764 

5 .775 -003 

5 .709 -003 

5 .645 -003 

b .582-003 

5 .520 -003 

5 .460 -003 

b .401-003 

5 .343 -003 

5 .287 -003 

b .231-003 

5 .177 -003 

5 .124 -003 

5 ,072 -003 

5 .021 -003 

4 .971 -003 

4 .922 -003 

4 .874 -003 

4 . 8 2 7 - 0 0 3 

4 .761 -053 

TABLE IX. Heat Capacity of SFj from 13 to 230°K 

T, °K 

13 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

cal deg mol 

2.68 
3.47 
5.41 
7.09 
8.41 
9.42 

10.26 
10.93 
11.52 
12.03 
12.51 

T, °K 

65 
70 
75 
80 
85 
90 
95 

100 
UO 
120 
130 

cal deg" mol 

12.94 
13.39 
13.90 
14.49 
15.22 
16.1.6 
13.63 
13.94 
14.65 
15.40 
16.20 

T, °K 

140 
150 
160 
170 
180 
190 
200 
210 
220 
225 
230 

cal deg" ' mol ^ 

17.06 
17.96 
18.95 
20.11 
21.43 
22.98 
24.88 
27.85 
44.0 
26.50 
28.56 
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4. SFg Gas 

a. Thermochemical Data. The sulfur pentafluoride free radical 
is a product of the dissociation of SFj. For the electron-impact reaction, 

SF6(g) + e- - S F j i g ) + F", 

Curran^^ measured the kinetic energy, 0i^in = "-^^ - °-°5 ^ ^ ' ^"^^ ^^^ ^ 
appearance potential, 

A„(F-) = 0+°-°5 eV. 
y^ ' -0 .00 

T h e s e v a l u e s , c o m b i n e d wi th the e l e c t r o n - a f f i n i t y v a l u e E a ( F ) = 3.448 ± 
0.005 eV (Ref. 23) and the p l a u s i b l e a s s u m p t i o n tha t the i n t e r n a l e x c i t a t i o n 
e n e r g y of the SF5 f r a g m e n t i s s m a l l , y ie ld Dp the p r i m a r y bond-
d i s s o c i a t i o n e n e r g y in SF^: 

Dl = D(SF5-F) = 3.218 ± 0.071 eV = 74.21 ± 1.61 k c a l m o l " ' . 

We t a k e AHf°(SF6,g) = -291 .77 ± 0.24 k c a l m o l " ' , and AHf°(F,g) = 18.9 ± 
0.1 k c a l m o l " ' , and thus obta in 

AHf°(SF5,g) = - 2 3 6 . 4 4 + 1.66 k c a l m o l " ' . 

F o r the r e a c t i o n 

| S 2 ( g ) + | F 2 ( g ) - S F 3 ( g ) : 

AHf = - 2 5 1 . 7 8 ± 1.67 kca l m o l " ' . • 

Addi t iona l t h e r m o d y n a m i c funct ions c a l c u l a t e d by s t a t i s t i c a l m e c h a n i c a l 
m e t h o d s a r e g iven in T a b l e X. 

b . Da ta Used in the S t a t i s t i c a l C a l c u l a t i o n s 

M = 127.056. 

r ( S - F ) = 1.56 A ( e s t i m a t e d by ana logy wi th SF^). 

S y m m e t r y * = C^.,,; a = 4. 

I ^ I g l ^ = 14,706 X 1 0 " " ' ' g ' c m ' . 

to = 947(2), 775, 644(2), 615(2), 524(2), and 354(3) c m " ' . 
(Values e s t i m a t e d by ana logy wi th S F ^ . ' ) 

* 
24 D3h symmetry, by analogy with PF5, is also plausible. 
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TABLE X. Thermodynamic Proper t ies of Sulfur Pentafluoride 

) /T ( H ' - H ; ; ) / T S° C 

DE67M0L) (CAL/DeU/HDT.~r (CAL/DEffVHOL) 

0,00 
100,00 
200.00 

—U.ODO 
46,944 
55,092 
58,511^ 
59,591 
59,669 
63,670 
67,278 
70,564 
T3T5T4^ 
76,345 
78.910 
81,294 
83,919 
85,605 
87.566 
89,417 
91,169 

o . o u o o 
8.1610 

10.0589 
~ir.99TS" 
12.6613 
12.7096 
15.1562 
17.1915 
18.8466 
20.1955 
21.3061 
22.2316 
23.0128 
23.6793 
24.2539 
24.7541 
25.1931 
25.5613 

—U.OOO 
57.105 
65.151 

—D.UUOO 
9.1113 

15.1193 
19.3089 
20.4944 
20.9771 
24.1393 
26.3592 
27.7840 
26.7339 
29.3896 
29.8600 
30.2070 
30.4697 
30.6730 
30.6333 
30.9619 
31.0665 

273,X5" 
298.15 
300.00 
4U0.0U 
500.00 
600.00 

"TUTitrO^ 
600.00 
900,00 

1000.00 
1100,00 
1200.00 
1300,00 
1400,00 
1500.00 

"^71.509 
72.292 
72.379 
78.626 
84.469 
S9.410 
93.769 
97.651 

101.142 
104.307 
107.199 
109.699 
TlT7J2ir 
114.610 
116.750 

1600.00 
1700.00 
1600.00 

"92.631 
94,412 
95^.920 
"97 ,"561 
98,740 

~2?".9269 
26.2365 
26.5153 

118.798 
120.649 
122.435 

31.1587 
31.2245 
31.2890 

iWW,~5 0 
2000.00 

26.7677 
26.9973 

124.128 
125.737 

31.3364 
31.3804 

(UEG.K.) 
(H'-H° ) 

(KCAL/Ftn.) 
-AHf 

(KCAL/MOL) 
-iGf 

(KCAL/MOL) 
LOQ tli 

0,00 
lUU.OU 
200.00 
273.15 
296.15 
300.00 
400.00 
500.00 
600.00 
700.00 
600.00 
900.00 

1000.00 
ninrroo 
1200.00 
1300.00 
1400.00 
1500,00 
1600.00 
1700.00" 
1600,00 
1900.00 

-3 .7750 
~i?."9589 

- 1 . 7 6 3 2 
- 0 . 4 9 7 6 

0.0000 
0.0360 
2.2675 

~"4T8ZB8" 
7.6330 

10 .3619 
"13.2699 

16 .2336 
19 .2378 

25.3296 
26.4054 

249.21 249.21 INF 
^?Tr."?re" 
251.39 
251.73 
251.78 
251.76 
251.86 
251.76 
251.55 
251.26 

243.68 
236.49 
231.07 
229.08 
226.94 
221.31 

"T37TF7 
258.43 
184.89 
167.92 
166.79 
120.92 

213.69 
206.09 
198.53 

93.40 
79 .07 
61 .98 

31.4954 
34.5970 
37.7061^ 
4 0.8T70 
43.9526 
47.0637 

250.97 
250.63 
250.26 
249.92 
249.55 
249.16 

191.02 
183,55 
176.11 
168.71 
161.35 
154.01 
146.70 
139.42 
132.17 

5 2 . 1 8 
4 4 . 9 7 
38 .49 
33 .92 
2 9 . 3 9 
2 5 . 8 9 

"l^TTff 
2 0 . 3 1 
18 .05 

50.2195" 

T 4 8 . 8 0 
248.42 
J48.15_ 
247.67 
247.30 
246.93 

"2*6r5'7 

124.94 
117.73 
110.54 

103.37 

16 .06 
14 .89 
12 .72 
11.30 
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5. SF4 Gas 

a. Crit ical Temperature . Tullock et ai.^^ reported a value of 
90 .9±0 .2°C. 

b. Thermochemical Data. Nichols^' measured the enthalpy of 
solution of SF4 in water. F rom the "best" values ' for AHf°(HF,nH20) and 
AHf°(H2S03,aq), AHf''(SF4,g) is calculated to be -178.97 ± 4.0 kcal mol" ' . 
Vaughn and Muetterties^^ reported the enthalpy of reaction of SF4 with hy
drogen; their resul ts have been recalculated to yield AHf°(SF4,g) = 
-185.23 ± 2.3 kcal mol" ' . The value selected, AHf°(SF4,g) = -182.1 ± 

5.0 kcal mol" ' , is the mean of the two enthalpies of formation. 

For the reaction 

|S2(g) + 2F2(g) - SF4(g): 

AHf = -197.44 ± 4.65 kcal mol" ' . 
Additional thermodynamic functions calculated by statistical mechanical 
methods are given in Table XI. 

c. Data Used in the Statistical Calculations. Two investiga
tions^*'" on the s tructure of SF4 gave results in very close agreement. 
The electron-diffraction data of Kimura and Bauer^' were arbi t rar i ly 
selected for use in the statist ical calculations. 

M = 108.0576. 

r (S-F)^^ = 1.643 ± 0.005 A; r(S-F)gq = 1.542 ± 0.005 A. 

FSF^^ = 177 ± 2.5°; FSFgq = 1°** " °-^°-

Symmetry = ^2^; a = 2. 

I A I B I C = 7248.9 x 1 0 " ' " g' cm' . 

CD = 891.5, 867, 728, 645, 558.4, 532.2, 353, 226, and 171 cm" ' . ' " 

6. SF4 Liquid 

a. Boiling Point. -40.4°C." 

b. Vapor P r e s s u r e . The vapor p re s su re of liquid SF4, mea
sured by Brown and Robinson" over the range -113 to -49°C, was fitted to 
the equation 
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TABLE XI. Thermodynamic Proper t ies of Sulfur Tetrafluoride 

T »((r -H^ )/T (H° -H;; ) / T r c 
TTJ?G',"K.) (CAL/DEG/H0"L7 TCAL/DEG7"M0r5~(CAL/DE8/M0L) (CAL/DE(f/MOL) 

1100.00 
1200,00 
1300,00 
1400.00 
1900.00 

u.uo 
100.00 
200.00 
273.15 
296.15 
300.00 
400.00 
500,00 
600,00 
700.00 
600.00 
900.00 
1000.00 

O.UDO 
47,989 
54.631 
58.181 
59.267 
59,345 
63,235 
66,607 
69.597 
72.285 
74,726 
76,962 
79.023 

0.0000 
8,7435 
10,6679 
12,1574 
12,6378 
12,6727 
14,4040 
15,8217 
16.9669 
17.8970 
18.6610 
19.2969 
19.8326 

O.DDO 
56.733 
65.319 
70.339 
71.904 
72.016 
77.639 
82.429 
86.564 
90.162 
93.367 
96.259 
98.696 

O.OOflU 
10.5011 
14.7575 
17.4692 
18.2703 
16.3249 
20.6909 
22.1609 
23.1379 
23.7798 
24.2173 
24.5335 
24.7667 

80,936 
82.718 
64.3T8 
65.957 
67.438 

20.2697 
20.6834 

101.225 
103.402 

21.0259 
21.3264 
21.9920 

105.414 
107.264 
109.030 

24.9433 
25.0799 
25.1876 
25.2739 
25.3442 

1600,00 
1700,00 
1600,00 
1900,00 
2000,00 

88,639 
90.169 
91,434 
92.641 
93,794 

21.6283 
22.0400 
22,2306 
22,4032 
22.5600 

110.667 
112.209 
113.665 
115.044 
116.364 

25.4021 
25.4504 
25.4910 
25.5295 
25.5591 

T 
(UEG.K,) 

0,00 
100,00 
200.00 
273,15 
296,1b 
300,00 
400,00 
900.00 
600,00 
700,00 
6(IU,UU 
900,00 
1000,00 
1100,00 
1200,00 
1300,00 
14UU,0U 
1500,00 
1600,00 
1700,00 
1600,00 
1900,00 
2UUU,00 

(H'-HJgg) 
(KCAL/MOl) 

-3.7680 
-2.8936 
•1.6304 
-0.4472 
U.OUDO 
0.0339 
1.9937 
4.1429 
6.4122 
8.7599 
11.1609 
13.5993 
16.0648 
16.5507 
21.0522 
23.5657 
26.0690 
26.6200 
31.1574 
33.7081 
36.2472 
36.7981 
41.3521 

-AHf 
(KCAL/MOL) 

199.92 
196,76 
197.27 
197,43 
197.44 
197.44 
197.42 
197.30 
197.12 
196.90 
196*67 
196.42 
196.16 
199,91 
199.64 
195.36 
199.12 
194.86 
194.60 
194.34 
194.09 
193.83 
193.58 

-iGf 
(KCAL/MOL) 

195.92 
191.98 
186.97 
163.24 
181.66 
161.77 
176.54 
171.33 
166.16 
161.01 
155.90 
150.62 
149.77 
140.74 
135.74 
130.76 
129.80 
120.85 
119.93 
111.02 
106.13 
101.25 
96.36 

LOG Kf 

INF 
419.98 
204.31 
146.61 
133.31 
132,42 
96.46 74.89 
60.92 
50.27 
42.99 
36.62 
31.86 
27.96 
24.72 
21.98 
19.64 
17.61 
15.84 
14.27 
12.89 
11.65 
10.93 



21 

log P (Torr) = 8.8126 - 1 3 8 / T . 

Vapor p r e s s u r e s of SF4, calculated from the above equation, a re presented 
in Table XII. 

c. Thermochemical Data. For the reactions 

(1) SF4(1) - SF4(g): 

AHv° = 6.32 kcal m o l " ' ; " 

ASv" = 27.1 cal deg" ' mol" ' . 

(2) S(rh) + 2F2(g) - SF4(1): 

AHf° = -188.42 ± 4.7 kcal mol" ' . 

7. SF2 Gas 

a. Thermochemical Data. Reese, Dibeler, and Franklin'^ 
measured the appearance potential of SO+ from SO2F2 and derived the 
value AHf°(S02F2,g) = -205.2 kcal mol" ' . If it is assumed that the sums of 
the S=0 bond strengths in SO2F2 and SO2 are approximately equal, an est i 
mate of AHf°(SF2,g) according to the reaction 

S(rh) + F2(g) - SF2(g) 

may be obtained by substitution of the appropriate values in the equation 

AHf''(SF2,g) = AHf°(S,g) + AHf°(S02F2,g) - AHf°(S02,g). 

We take AHf°(S02,g) = - 70.94 ± 0.05 kcal mo l " ' , ' and AHf°(S,g) = 
65.9 kcal mol" ' (see Table III), and thus est imate that 

AHf°(SF2,g) = -68 ± 5 kcal mol" ' . 

For the reaction 

iS2(g) + F2(g) -> SF2(g): 

AHf = -83.34 + 5 kcal mol" ' . 

Additional thermodynamic functions calculated by statist ical mechanical 
methods are given in Table XIII. 
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TABLE XII. Vapor P r e s s u r e of Liquid 
Sulfur Tetrafluoride 

T(C) P(TORR> LOQP(TOfiR) 1/T(K> 

-113,00 

-110,00 

-107,00 

-104,00 

-101,00 

-98,00 

-95,00 

-92,00 

-S9.00 

-b6,00 

-63,00 

•60.DO 

-/7,00 

-/4,00 

-71,00 

-68,UU 

•66,00 

-62.00 

-S9.UU 

-b6,00 

-53,00 

-bU,UU 

1.55 

2.23 

3,17 

4,45 

6,17 

8,47 

11.50 

15,46 

20,57 

27,13 

35,47 

46.00 

59.17 

75.53 

95.73 

120.49 

150.65 

187.17 

231.13 

283.75 

346.42 

420.67 

0.16943 

0,34800 

0,50083 

0,64825 

0,79053 

0,92793 

1,06071 

1,18908 

1,31328 

1.43349 

1,54991 

1,66272 

1.77207 

1,87813 

1,98104 

2,08094 

2.17796 

2,27223 

2,363Sb 

2.45294 

2,53960 

2.62394 

6.244-003 

6.129-003 

6.019-003 

5.912-003 

5.809-003 

5.709-003 

5.613-003 

5.520-003 

5.430-003 

5.343-003 

5.259-003 

5.177-003 

5.098-0O3 

5.021-003 

4.947-003 

•4.874-003 

4.804-003 

4.736-003 

4.670-003 

4.605-003 

4.542-003 

4.481-003 
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TABLE XIII. Thermodynamic P r o p e r t i e s of Sulfur Difluoride 

T ((? -H^ ) / T (H° -H° ) /T r g 
/DEG/MOL"r (CAL/'DEG7M0L> (CAI /OEQ/MOL) (CAL/DE(J/"OL"r 

0 , 0 0 
1 0 0 , 0 0 
2 0 0 , 0 0 

" 2 7 3 , 1 5 
2 9 6 . 1 5 
3 0 0 , 0 0 
4 0 0 , 0 0 
9 0 0 , 0 0 
6 0 0 , 0 0 
7 0 0 , 0 0 
6 0 0 , 0 0 
9 0 0 , 0 0 

1 0 0 0 , 0 0 
1 1 0 0 . 0 0 
1 2 0 0 . 0 0 
1 3 0 0 . 0 0 
1 4 0 0 . 0 0 
1 5 0 0 . 0 0 
1 6 0 0 . 0 0 
1 7 0 0 , 0 0 
1 8 0 0 , 0 0 
1970,0 0 
<fOOO,00 

—0.000 
43,302 
48,668 

"Trr4r4"^ 
52,230 
52,284 54,870 
56,998 
58,624 
60,̂ 4?9" 
61,864 
63,163 
64,350 
65,443 
66,456 
67,401 
66,285 
69,116 
69,900 
70,642 
71,347 
72,018 
72,658 

D,DODO 
7.9565 
8.1944 
"8.5625" 
8.7043 
6.7149 
9.2646 
9.7970 
10.2316 
10.5949 
10.8990 
11.1555 
11,3736 
11.5614 
11.7239 
11.8660 
11.9911 
12.1020 
12.2011 
12.2899 
12.3701 
12,4429 
12.5091 

—O.UDO 
51.258 
97.062 
60.0T7" 
60.934 
60.999 
64.164 
66.795 
69.055 
71.02"4 
72.763 
74.319 
75.724 
77.005 
78.160 
79.266 
80.276 
61.216 
82.101 
82.932 
83.717 
84.461 
85.167 

— n . o o B O 
8.0109 
9.0376 
10.0683 
10.4194 
10.4387 
11.4799 
12.1646 
12.6137 
12.9169 
13.1277 
13.2796 
13.3921 
13.4774 
13.5436 
13.5996 
13.6377 
13.6719 
13.7000 
13.7235 
13.7433 
13.7601 
13.7745 

( U E G . K . ) 
(W> -H298 > 

(KCAL/MOL) 

- i H f 
(KCAL/MOL) 

-AGf 
(KCAL/MOL) 

LOG KE 

0 , 0 0 
1 0 0 , 0 0 
2 0 0 , 0 0 
2 7 3 , 1 5 
2 9 6 , 1 b 
3 0 0 , 0 0 
4 0 0 , 0 0 
5 0 0 , 0 0 
6 0 0 , 0 0 
7 0 0 , 0 0 
6 0 0 , 0 0 
9 0 0 . 0 0 

1 0 0 0 , 0 0 
"Tro 0 , 0 0 
1 2 0 0 , 0 0 
1 3 0 0 , 0 0 
1 4 0 0 , 0 0 
1 5 0 0 , 0 0 
1 6 0 0 , 0 0 

"r7orroT" 
1800,00 
1900,00 

-2.5952 62.75 82.75 INF 

2000,UU 

"̂ Tr7995"̂  
-0.9563 
-0.2563 
O.UUOU 
0.0193 
1.1167 
2.3033 
3.5438 
4.6212 
6.1240 
7.4448 
6.7767 
10.1223 
11.4735 
12.8306 
14.1923 
15.5579 
16.9265 
18.2977 
19.6711 
21.0463 
22.4230 

"13.00" 
83.21 
83.32 
63.34 
83.34 
83.41 
83.45 
63.46 
83.47 
63.46 
63.46 
83.45 
83.44 
63.43 
83.42 
83.41 
63.41 
83.40 
6 3 . 4 0 
6 3 . 4 0 
8 3 . 4 0 

81 .73 
80 .36 
79 .35 
78.94 
7 8 . 9 1 
77 .42 
75 .92 
7 4 . 4 1 
72.90 
71 .39 
69 .88 
68 .36 
66 .67 
65 .36 
63 .66 
62 .35 
60 .85 
59 .35 

83 .40 

5 7."8 4 
56 .34 
54 .64 
53 .33 

178.61 
87.82 
63.49 
57.86 
57.49 
42.30 
3 3 . 1 8 
2 7 . 1 0 
22 .76 
19 .80 
16 .97 
14 .94 
13 .29 
1 1 . 9 0 
1 0 . 7 4 

9.73 
8 .87 
8 . 1 1 
7 . 4 4 
6 . 6 4 
6 .31 
5 .83 
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b. Data Used in the Statistical Calculations 

M = 70.0608. 

r(S-F) = 1.56 A (estimated). 

FSF = 100° (estimated). 

S y m m e t r y = ^z-v'> 0 = 2.. 

W B ^ C = 311.64 X 1 0 " ' " g' cm' . 

CO = 892, 728, and 523 cm" ' (estimated). 

8. SF Gas 

a. Thermochemical Data. To est imate the standard enthalpy 
of formation of SF(g), it is assumed, by analogy with similar tr iatomic 
molecules, that the pr imary and secondary bond strengths in SF2 are ap
proximately equal; i.e., that the energies of the processes 

SF2(g) ->SF(g) + F(g), 

and 

SF(g) - S(g) + F(g) 

are the same. Thus, 

D(SF-F)sp^ = D(S-F)gp, 

and 

AHf°(SF,g) + AHr(F,g) - AHf°(SF2,g) = AHf°(S,g) + AHf"(F,g) - AHf'=(SF,g). 

Solving for AHf°(SF,g), we obtain 

AHf°(SF,g) = i[AHf°(SF2,g) + AHf'(S,g)]. 

Insertion into this equation of the values AHf°(SF2,g) = -68 ± 5 kcal mol" ' 
and AHf°(S,g) = 65.9 kcal mol" ' (see Table III) yields 

AHf^(SF,g) = -1 ± 5 kcal mol" ' 

for the reaction 

S(rh) + iF2(g) -> SF(g). 
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For the reaction 

iS2(g) + iF2(g) - SF(g): 

AEf = AHf = -16.34 + 3.7 kcal mol" ' . 

Additional thermodynamic functions calculated by statist ical mechanical 
methods are given in Table XIV. 

b. Data Used in the Statistical Calculations 

M = 51.0624. 

r(S-F) = 1.599 A . " 

I = 5.0647 X 1 0 " " g cm^. 

cu = 898 cm" ' .* 

9. FS-SF Gas (Disulfur Difluoride) 

a. Thermochemical Data. The S-F bond in FSSF and the axial 
S-F bond in SF4 are similar , from the point of view of the bond lengths ' 
and bond stretching-force constants ."" ' ° We assume that the bond strengths 
are also similar in the following derivations of AHf°(FSSF,g) and 

D ( S - S ) F S S F -

(1) FSSF(g) - S2(g) + 2F(g): 

2 D ( S - F ) F S S F = 2D(S-F)sF4(ax) = 2(76.0) ± 5 kcal mol" ' 

= AHr(S2,g) + 2AHf°(F,g) - AHf°(FSSF,g); 

AHf°(FSSF,g) = -83.5 ± 5 kcal mol" ' . 

(2) FSSF(g) - 2SF(g) 

D(S-S)psSF = 2AHf°(SF) - AHf°(FSSF,g) 

= 82 ± 3 kcal mol" ' . 

34 
•calculated by Guggenheimer's lule. 
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T A B L E XIV. T h e r m o d y n a m i c P r o p e r t i e s of Sulfur Monof luo r ide 

T • ( r ^ - H " )/T ( H ^ - H * " ) / ! S* ^ 
/DFG%ot)" TCAL/DWWL r"rc"At.7Tirr/-MDvr""(T;"AX7DF^flcnrr 

0.00 
100.00 
200.00 
Z73TT5"" 
298.1b 
300.00 
400.00 
500,00 
600.00 
700,00" 
800,00 
900,00 

lUUU.UU" 
1100.00 
1Z0 0̂ 0_0_ 
ISTT.OO 
1400.00 
1500.00 
1600.00 
1700.00 
1600.00 
"rSO'O ."TO 
2000.00 

— U . O U O 
38,308 
43,129 
45^,^V1" 
45,929 
45,972 
46,026 
49,653 
51,011 

"52"n79"" 
53.207 
54,125 
54.956" 
55.715 
56.414 

"T7.""061" 
57.664 
58 .229 

-OTO'tTDTJ 
6.9499 
6,9726 

^7".036'8^ 
7.0678 
7,0702 

"TT2TffI" 
7 , 3 7 3 2 
7 . 5 1 6 2 

" 7 . 6 4 2 1 
7 . 7 5 1 2 
7 . 8 4 5 4 

"7"."927T!" 
7 .9981 
8.0604 
"8". 1153 
8.1540 
8.2074 

58,760 
5 9 . 2 6 1 

J 9^'/35 
6 0". 18 6 
60.614 

6,2464 
8,2815 
8 .J134 

""8.3423" 
8.3687 

—D.UOU 
45 .256 
50 .102 
52'73^48 
52 .996 
53 .043 
5b .244 
67 .027 
58 .527 
5^9T821" 
60 .956 
61 .971 
62 .663 
63 .713 
64 .474 
65 ."176 
65.B28 
66 .437 
67 .007 
67 .543 
68 .049 
6 8 . 5 2 8 ' 
68 .963 

TJ.UUDO 
6.9559 
7 .0692 
"7T3545 
7.4578 
7.4695 
7.6441" 
8.1266 
8.3243 
"F74696" 
8.5613 
8,6335 
8.6874 
8.7287 
8.7609_ 
877864 
8.8070 
8.8238 
8.8377 
8.8493 
8.6591 
8.8674 
8 .8746 

(UEGiK.) 
(H° -H29e ) 

(KCAL/MOL) 
-AHf 

(KCAL/MOL) 
-AGf 

(KCAL/MOL) 
LOG Kf 

0.00 
100.00 
200.00 
273.15 
296.lb 
300,00 
400,00 
500.00 
600.00 
700.00 
UOU.UU 
900.00 

1000.00 
110 0". 00 
1200.00 
1300.00 
TT0"D."!nr " 
1500.00 
1600.00 
170 0.0U " 
1800.00 
1900.00 
2U00.UU 

-2.1073 
-1.4123 
-0.7128 
-0.1652 
O.OUOO 
0.0138 
0.7800 
1"."57TT 
2.4025 
3.2422 
"4".~D"9T7~ 
4.9536 
5.6198 
6.6906 
7.5652 
8.4426 
9.3223 

10.2039 
11.0670 
Ti.9714 " " 
12,6566 
13.7431 
14.6302 

16.32 
16.32 
16.33 
16.34 
16.34 
16.34 
16.36 
16.38 
16.39 
16.41 
16.42 
16.44 
16.46 
1 6 . ^ 
16.49 
16.51 
T6 ."53 
16.56 
16.58 . 
16.60 
16.63 
16.65 
16"; 6"? 

16.32 
16.46 
16.64 
16.78 
16.79 
16.80 
16.94 
17.09 
17.23 
17.37 
17.51 
17.64 
17.77 
17.90 
16.03 
18.16 
18.26 
18.41 
18.53 
18.65 
18.77 
18.69 

l9.Dr 

INF 
36.02 
18.16 
13.43 
1Z.31 
12.24 
9.26 
7.47 
6.26 
5.42 
4.78 
4.26 
3.86 
3.96 
3.26 
3.05 
2.85 
2.68 
2.93 
2.40 
2.28 
2.17 

2 . 06 
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F o r the r e a c t i o n 

Szig) + F2(g) - FSSF(g ) : 

AHf = -114 .18 ± 5.0 k c a l m o l " ' . 

Add i t iona l t h e r m o d y n a m i c func t ions* for FSSF(g) a r e g iven in T a b l e XV. 

b . Da ta Used in the S t a t i s t i c a l C a l c u l a t i o n s 

M = 102.1248. 

F S S F h a s a n o n p l a n a r s t r u c t u r e , ' ^ r (S-S) = 1.888 ± 0.01 A; 
r ( S - F ) = 1.635 ± 0.01 A; " F S S " = 108.3 ± 0.5°; the d i h e d r a l ang le = 
87.9 ± 1.5°. 

S y m m e t r y = C2; a = 2. 

W B ^ C = 5494.8 X 1 0 " ' " g ' c m ' . 

CD = 198, 526, 745(2), and 807(2) c m " ' . " 

10. S=SF2 G a s (Thio th ionyl F l u o r i d e ) 

a. T h e r m o c h e m i c a l Da ta . S ince D(S=S)g = 101 k c a l m o l " ' 
(Ref. 39) and D(S=S)g Q = 91 k c a l mo l " ' , * " we e s t i m a t e D(S=S)gsp^ = 90 i 
5 k c a l m o l " ' . C o n s e q u e n t l y , for the r e a c t i o n 

SSF2(g) = S(g) + SF2(g): 

C o m b i n a t i o n of t h i s va lue wi th AHf°(S,g) = 65.9 k c a l m o l " ' and 
AHf°(SF2,g) = - 6 8 ± 5 k c a l m o l " ' y i e l d s 

AHf°(SSF2,g) = -92 ± 7 k c a l m o l " ' . 

*In the statistical calculations it was assumed that the barriei to internal rotation in the FSSF molecule was 
infinitely large. If it is assumed that there is completely free rotation about the S-S bond, the following 
corrections (in cal deg"-'- mol"-̂ ) must be added to the tabulated values: enthalpy function, +0.9936; heat 
capacity, +0.9936; free-energy function, -2.2882 log T; entropy, +0.9936 - 2.2882 log T. 
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TABLE XV. Thermodynamic P r o p e r t i e s of Disulfur Dif luoride 

T -(G°-H[, ) /T (H°-H° ) /T S" ^ 
"(UEG",K."T" rCAL/DEG/MOL) (CAL/DEG/MOL) (CAL/DE"G"/"MOL) (CAL/DEff/MOL) 

orou 
100.00 
200.00 
27ar:i5" 
296.1b 
300.00 
400.00 
500.00 
600.00 

~T0"0".O0" 
600.00 
900,00 

1000.00 
1100.00 
1200.00 
1300.00 
1400.00 
1500.00 
1600.00 
1700.00 
1600.00 
1900.00 
<!000.00 

0.000 
47.395 
53.408 
56.391 
57.279 
57.343 
^".^^"6" 
63.125 
65.461 

""" 6 7"."5S1" 
69.444 
71.173 
72.766 
74.243 
75.618 
76,905 
76,115 
79,256 
80.335 
81,360 
82,334 
63,263 
64,151 

0,0000 
6.3056 
9.1910 

10.0030 
10.2930 
10.3145 

" 1iV4"32? 
12.4067 
13.2190 
13.8911 
14,4501 
14.9192 
15.3169 
15.6576 
15.9523 
16.2093 
16.4354 
16.6356 
16.8141 
16.9741 
17,1184 
17.2492 
17.3682 

0". D O 0 • 
55.701 
62.599 
66.394 
67.573 
67.656 
71.S99 
75.532 
78.680 
61.442 
83.694 
86.093 
86.083 
69.900 
91.570 
93.115 
94.550 
95.691 
97.149 
98.334 
99.452 
100.512 
101.519 

"""OTD̂ ST" 
9.0746 
11.2564 
13.1641 
13.7534 
13.7951 

""1"5."6"5'42 
16.8610 
17.6449 
lS.i7"00 
18.5343 

J J . 7 9 5 6 
1 6 . 9 6 8 5 
1 9 . 1 3 4 6 

J 9^^2477 
1 9 . "3369 
1 9 . 4 0 8 4 
_J_?.!_46(iA_ 
19.5145 
19.5545 
19.5681 
19.6"r(S7 
19.6412 

T 
(UEG.K.) 

0,00 
10U,U0 
200,00 
273,15 
296,1b 
300,00 
400,00 
500,00 
600,00 
700,00 
600,00 
900,00 

1000,00 
1100.00 
1200.00 
1300.00 
1400.00 

(H»-H|gg ) 
(KCAL/MOL) 

-3.0669 
-2.2363 
-1.2307 
-0.3366 
O.UOOO 
0.0255 
1.5043 
3.1345 
4.8625 
6.6549 
8.4912 

10.3584 
12.2460 
14.1545 
16.0739 
16.0033 
19.9407 

-AHf 

<KCAL/MOL) 

113.00 
113.56 
113.96 
114.15 
114.18 
114.18 
114.27 
114.28 
114.23 
114.15 
114.05 
113.93 
113.81 
113.68 
113.55 
113.41 
113.27 

-AGE 

(KCAL/MOL) 

113.00 
110.40 
107.07 
104.57 
103.63 
103.56 
100.01 
96.44 
92.68 
69.33 
65.79 
62.26 
78.75 
76.25 
71.76 
68.29 
64.62 

LOG Kf 

INF 
241.27 
117.00 
83.67 
75.96 
75.45 
54.64 
42.15 
33.83 
27.89 
23.44 
19.96 
17.21 
14.95 
13.07 
11.46 
10.12 

1500.00 
1600.00 

" 1700."0 0" 
1800,00 
1900.00 

""2D'DD".inr 

21.8845 
23^8336 
25.7Sri 
27.7443 
29.7046 

" X l . 6 6 7 5 

1 1 3 . 1 3 
l lS j^Ql 
1 1 2 . 8 6 ' 
1 1 2 . 7 2 
1 1 2 . 5 9 

6 1 , 3 7 
5 7 . 9 2 
54 .~fW 
5 1 . 0 5 
4 7 . 6 3 

8 . 9 4 
7 . 9 1 
7 . 0 0 
6 . 2 0 
5 . 4 8 

"TT'ST" 1 1 2 . 4 6 4 « m 
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For the reaction 

Szig) + F2 - SSF2(g): 

AHf = -122.7 ± 7.0 kcal mol" ' . 

Additional thermodynamic functions calculated by stat ist ical mechanical 
methods are given in Table XVI. 

b. Data Used in the Statistical Calculations 

M = 102.1248. 

S=SF2 has a pyramidal structure,*' r(S-F) =Ji^598 ± 0.012 A; 
r(S=S) = 1.860 ± 0.015 A; SSF = 107.5 ± 1°; FSF = 92.5 ± 1°. 

Symmetry = C', a = 2. 

I ^ I g l c = 5547.6 X 1 0 " ' " g' cm' . 

to = 760.-5, 718.5, 692.3, 411.2, 364.1, and 337.6 c m " ' . " 

11. S=SF2 Liquid (Thiothionyl Fluoride) 

a. Freezing Point. -165°C.*^'*' 

b. Boiling Point. - 10.6°C.*^'*' 

c. Thermochemical Data. For the reactions 

(1) SSF2(1) - SSF2(g); 

AHv° = 5.46 kcal mol"' ;* ' 

ASv° = 20.8 cal deg" ' mol" ' .* ' 

(2) 2S(rh) + F2(g) - SSF2(1): 

AHf° = -97.5 ± 7 kcal mol" ' . 

12. SzFio Gas 

a. Thermochemical Data. Electron diffraction experiments 
have shown that the S2F10 molecule consists of two octahedral SF5 groups 
joined together through an S-S bond.** "Within experimental e r ro r , the in
teratomic distances and stretching-force constants of the S-F bonds in 
S2F10 are reported to be identical. The S-S bond in S-^Fw however, is 
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TABLE XVI. Thermodynamic P r o p e r t i e s of Thiothionyl F luor ide 

T — (C^ —H* ) /T ( H ° - M * ) / T S* C* 
fDf lS, K ,"7 "fC7fi/T3tG?M"01.T" rcALTBEGy^^OL) (CAL7DeG/WDtT"'{CAL7trE"#/fi'0T7)~ 

—OTtnr 
100,00 
200,00 
273.15 
296.15 
300.00 

"^iroT0"r 
500.00 
6^0.^ 
700.00 
BOO.00 
900.00 lOOOTOT" 

1100.00 
1200.00 
1"30 0.0 0 
1400.00 
1500.00 

O.UOD 
47.317 
53,266 
•56,332" 
57,256 
57,325 
60". 604 
63.404 
65.659 
66.047 
70.021 
71.619 
73.470 
74,995 
76,413 
77.737 
76,960 
80.149 

0 . 0I1"D"0" 
8.1136 
9.3193 

"iO"."3971 
10.7512 
10.7769 
12.04"05~ 
13.0566 
13.8652 
14.5147 
15.0439 
16.4815 
15.8485 
16.1601 
J,6.427J. 
16.6601 
16.8634 
17.0428 

""TTTDinj-" 
55.430 
62.587 
66.729 ' 
68.009 
68.102 
"T2T64r" 
76.461 
79.724 
62.562 
85.065 
87.300 
89.316 
91.155 
92.84J. 
94.397 
95.643 
97.192 

•"'D"."l!"Oinĵ  
8.8202 

12.2525 
14.3306 
14.6972 
14.9364 
16.5847 
17.5761 
18.1994 
18.6010 
18.8784 
19.0795 
19.2200 
19.3289 
19.4129 
19.4789 
19.5316 
19.5747 

1600.00 
1700.00 
1800.00 
1900.00 
2000.00 

61.254 
62.302 
83.297 
6 4 , 2 4 4 
6 5 . 1 4 9 

1 7 . 2 0 2 2 
1 7 . 3 4 4 7 
1 7 . 4 7 2 9 

98 .466 
99 .646 

100.770 
1 7 . 9 6 8 6 
1 7 . 6 9 4 1 

1 0 1 . 6 3 3 
1 0 2 . 6 4 3 

1 9 . 6 1 0 0 
1 9 . 6 3 9 4 
1 9 . 6 6 4 2 
1 9 . 6 8 9 2 
1 9 . 7 0 3 1 

(USG.K,) 
(K- -HJae ) 

(KCAL/MOL) 
-AHf 

(KCAL/MOL) 
-AGf 

(KCAL/MOL) 
LOG Kf 

0 , 0 0 
1 0 0 . 0 0 
2 0 0 . 0 0 
2 7 3 . 1 5 

1 5 0 0 . 0 0 
1 6 0 0 . 0 0 
170 0TEro 
1 8 0 0 . 0 0 
1 9 0 0 . 0 0 

-3.2055 
^.^7X9 4 r " 
-1.3416 
-0.3695 

_121.65 
122.2^ 
122.59 
122.70 

"TO 0 0. 0 0 

22.3687 
24^3180 
26.2805 
28.2457 
30.21^32 
""32.1626 

121,18 
121. 03_ 
i"20"."89 • 
120.74 
120.60 
r20". 4 6 

121.65 
11^755" 
115.69 
113.21 

INF 

7 1 . 3 6 
6 8 . 0 5 
6 4 . 7 4 
6 1 . 4 4 
5 6 . 1 5 

2 6 0 . 1 7 
1 2 6 . 4 2 

9 0 . 9 8 
296.1b 
300.00 
400.00 
500.00 
600.00 
700.00 
600.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 
1400.00 

0.0000 
0.0276 
1.6107 
3.3228 
5.1137 
6.9546 
6.6296 

10.7279 
12.6430 
14.5707 
16.5079 
18.4627 
20.4033 

122.7U 
122.70 
122.68 
122.61 
122.50 
122.37 
122.23 
122.06 
121.93 
121.76 
121.63 
121.46 
121.33 

112.28 
112.22 
108.72 
105.24 
101.77 
98.33 
94.91 
91.50 
88.11 
84.74 
61.37 
78.03 
74.69 

62.30 
61.75 
59.40 
46.00 
37.07 
30.70 
25.93 
22.22 
19.26 
16.84 
14.82 
13.12 
11.66 
1 0 . 4 0 

9 . 2 9 

5 4 . 8 7 

8.32 
7 .46 
6 .69 
6.00 
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weaker than in typical disulfides, RSSR, as indicated by its grea ter length 
[r(S-S) of 2.21 versus 2.05 A (Ref. 44)] and smaller stretching-force con
stant [k(S-S) of 1.83 X 10^ (Ref. 45) versus 2.5 x 10^ dyn cm" ' (Ref. 38)]. 

Various considerations indicate that AHf°(S2Fio,g), knowl
edge of which would enable calculation of the S-S bond energy in S2F10, will 
be extremely difficult to measure experimentally. It is of in teres t to de
termine whether consistent estimates of this quantity can be determined by 
other methods. Three methods of estimating AHf°(S2Fio,g) a re compared 
below: The first, and crudest, involves estimation of the enthalpy of atom
ization (AHa°) of S2F1Q by means of bond energy t e rms ; the second, more 
refined, uses an empir ical equation to derive the dissociation energy of the 
S-S bond [D(S-S)] in SJFIQ which, in turn, is used to derive AHf°(S2Fio,g); 
the third employs the resul ts of a kinetic study and leads to a limiting value 
for AHf°(S2Fio,g). 

(1) The only published estimate of AHf°(S2Fio,g), 
al mol" ' , was calculated by Yost and Russell* from 

AHa°(S2Fio) = lOE(S-F) + E(S-S), (4) 

and 

AHf°(S2Fio,g) = 10AHf°(F,g) + 2AHf°(S,g) - AHa°(S2Fio), (5) 

where E(S-F) and E(S-S) are the bond energy te rms for the S-F and S-S 
bonds, respectively. However, Yost and Russel l 's value for E(S-F) is 
based on an incorrect value for AHf°(SFt,g). Our revised value*' for E(S-F), 
78.5 kcal mol" ' , together with E(S-S) = 66 kcal'mol"',*^ yields AHa°(S2Fi(j) = 
851 kcal mol" ' . The lat ter value, when combined in Eq. 5 with AHf°(F,g) = 
18.9 kcal mol" ' and AHf°(S,g) = 65.9 kcal mol" ' , yields 

AHf°(S2Fio.g) = -530 kcal mol" ' . 

(2) The enthalpy of formation of S2Fio(g) is given by 

AHf°(S2Fio,g) = 2AHf°(SF5,g) - D(S-S)s^p^^. (6) 

The dissociation energy of the S-S bond in S2F10 can be estimated from 
the empirical equation 

°(^"S)S2F.0 ^(S-S)s^p^^ ^ ( ^ " S ) s 2 F . o y 

D(S-S)ocsK '' k(S-S)RgsR V ' ^ ( S - S ) I ^ S S R / ' 
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w h e r e the RSSR t e r m s r e p r e s e n t n o r m a l or t y p i c a l v a l u e s for d i s u l f i d e s . 
I n s e r t i o n of the a p p r o p r i a t e v a l u e s and D(S-S)j^ggj^ = 65 ± 1 kca l m o l " ' 
(Ref. 48) into Eq. 7 g ives D(S-S)g p = 55 ± 5 k c a l m o l " ' . (An u n c e r t a i n t y 
of ±5 kca l m o l " ' was a r b i t r a r i l y a s s i g n e d b e c a u s e of the a p p r o x i m a t e 
n a t u r e of Eq. 7.) T h i s e s t i m a t e d d i s s o c i a t i o n e n e r g y , t o g e t h e r wi th 
AHf°(SF5,g) = -236 .4 ± 1.7 kca l m o l " ' , w a s i n s e r t e d into Eq . 6 to give 

AHf°(S2Fio,g) = -528 ± 5 k c a l m o l " ' . 

(3) T r o s t and Mcintosh^" s tud ied the t h e r m a l d e c o m p o s i 
t ion of S2F10. The r e a c t i o n p r o c e e d s a c c o r d i n g to 

S2Fio(g) - 2SF5(g) (8) 

and 

2SF5(g) - SF4(g) + SF6(g). (9) 

They d e t e r m i n e d the ac t i va t ion e n e r g y to be 49.2 k c a l m o l " ' for the o v e r a l l 
p r o c e s s 

S2Fi„(g) - SF4(g) + SF6(g). (10) 

The enthalpy of ( e n d o t h e r m i c ) R e a c t i o n 10 m u s t be l e s s than (or equa l to) 
i t s ac t iva t ion ene rgy . T h e r e f o r e , 

AHf°(SF4,g) + AHf°(SF6,g) - AHf°(S2Fio,g) £ 49 k c a l m o l " ' . ( l l ) 

The va lues AHf°(SF4,g) = -182 ± 5 k c a l m o l " ' and AHf°(SF6,g) = -292 ± 
0.2 kca l m o l " ' , when i n s e r t e d into Eq . 11, y ie ld 

-AHf°(S2Fio,g) < 528 k c a l m o l " ' . 

The t h r e e independen t e s t i m a t e s a r e s e e n to be c o n s i s t e n t , 
and we a r e confident tha t the t r u e va lue for AHf°(S2Fio,g) l i e s wi th in the 
r ange -523 to -528 kca l m o l " ' . 

F o r the r e a c t i o n s 

(1) 2S(rh) + 5F2(g) - S 2 F i o ( g ) : 

AHf° = -526 .0 ± 4.0 k c a l m o l " ' . 

(2) S2(g) + 5F2(g) - S2Fio(g): 

AHf = -556 .68 ± 4.1 k c a l m o l " ' . 

Addi t ional t h e r m o d y n a m i c funct ions c a l c u l a t e d by s t a t i s t i c a l m e c h a n i c a l 
me thods a r e given in Tab le XVII. 
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-H° )/T (H''-W° )/T S° C° 
(UEG.K.) (CAL/DEG7M0L) (CAL/DEG/MOL) (CAL/DEG/MOU) (CAL/DEGYMOL) 

.(G°-

" ""D7 0^"" 
100.00 
200.00 
273.15 
298.15 
300.00 

"4 00". 00"' 
500.00 
600.00_ 
70 0.0 0 
600.00 
900.00 

1000.00 
1100.00 
1200.00 

1600.00 
1700.00 
1600_. 00_ 
1900.00 
2Q00.0U 

"" "OTD^OO 
56.023 
66.600 
73.046 
75.137 
75.290 
"83.20 4" 
90.494 
97,214 

103,417 
109,160 
114,493 
119,465 
124,117 
126,484 

143,660 
146,966 
1J0_,J.6J 
153,196 
156,106 

0,0000 
12.9051 
18.4948 
23.1086 
24.6489 
J4.76_12_ 
30.3666 
34.9826 
36.7156 
41.7476 
44.2377 
46.3093 

1300.00 
1400.00 
1500.00 

132.597 
136.463 
140.164 

48.0547 
49.5425 
_5 0j_8Z_42_ 
51.9389 
52.9166 
53.7807 
54.5497 
55.2382 
55.6582 
56.4192 
56.9293 

0 . 0 (TO 
68.929 
85.094 
96.155 
99.786 

100.051 
113.570 
125.476 
135.929 
145.165 
153.397 
160.SOi 
167.520 
173.660 
179.308 
184.536 
189.400 
193.945 
l'98.210 
202.226 
206.021 
209.618 
213.035 

n:o"oo"o 
17.7802 
30.9524 
40.1447 
42.7619 
42._9445 
50.8066 
55.7065 
58.8337 
60.9097 
62.3429 
63.3674 
64.1223 
64.6932 
65a_345 
65.4623 
65.7611 
6_5^987A_ 
66^1746 
66.3302 
66.4612__ 
66.5725 
66 .6678 

T 
(UEG.K.) 

0.00 
100.00 
200.00 
273.15 
298.16 
300.00 
400.00 
600.00 
600.00 
700.00 
600.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 
1400.00 
1600.00 
1600.00 
170 0.00 
1600.00 
1900.00 
2000.00 

(H° -H29e ) 
(KCAL/MOL) 

-7.3491 
-6.0566 
-3.6601 
-1.0369 
0.0000 
0.0793 
4.7976 

10.1422 
15.8604 
21.8743 
28.0411 
34.3293 
40.7056 
47.1477 
53.6400 
60.1715 
66.7342 
73.3220 
79.9304 
66.5559 
93.1956 
99.8474 

106.5096 

-AHf 
(KCAL/MOL) 

551.34 
554.22 
556.02 
556.62 
556.68 
556.66 
556.61 
556.13 
555.40 
554.52 
553.56 
552.52 
551.45 
660.36 
549.24 
548.11 
546.96 
545.84 
544.70 
543.57 
542.44 
541.31 
540.18 

-AGf 
(KCAL/MOL) 

551.34 
636.10 
517.19 
503.06 
497,96 
497.59 
477.89 
"458.26 
438.75 
419.37 
400.14 
361.02 
362.02 
343.13 
324.34 
305.64 
267.03 
268.50 
250.06 
231.67 
213.37 
195.11 
176.91 

LOG Kf 

INF 
1171.65" 
565.16 
402,90 
3 65. "or" 
362.90 
261.11 
200.31 
159.81 
130.93 

109.31 
92.52 
79.12 
68.17 
69.07 
51.36 
44.81 
39.12 
34.16 
29.78 
25.91 
22.44 

19,33 
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b . Data Used in the S t a t i s t i c a l C a l c u l a t i o n s 

M = 254.1120. 

r ( S - F ) = 1.56 A; r (S-S) = 2.209 A.** 

S y m m e t r y = D^^, wi th two o c t a h e d r a l SF5 g r o u p s l inked t h r o u g h 
the S-S bond. The e q u a t o r i a l f luor ine a t o m s a t t a c h e d to d i f f e ren t 
sulfur a t o m s a r e in the gauche conf igura t ion ; a = 8. 

ly^lQ = 717,909 X 1 0 " ' " g ' c m ' . 

to = 913, 690. 423, 247, 87, 938, 684, 571, 826(2), 544(2), 410(2), 37, 
57, 728(2), 624(2), 509(2), 860(2), 634(2), 425(2), and 
188(2) c m " ' . « ' = ' ' 

13. SjFio Liquid 

a. F r e e z i n g Po in t . -52 .7 ± 0 . 3 ° C . " 

b . Boil ing Po in t . 26.7°C.^^ 

c. Vapor P r e s s u r e . Cohen and MacDiarmid*^ f i t ted the v a p o r -
p r e s s u r e da ta for l iquid S2F10 to the following equat ion: 

log P ( T o r r ) = - 1 4 9 8 . 8 6 3 / T - 5 3 2 4 . 0 7 4 / T ^ + 7.936121 (-51 to 0°C). 

Vapor p r e s s u r e s ca l cu la t ed f rom this equa t ion a r e given in T a b l e XVIII. 
The equat ion given by Denbigh and "Whytlaw-Gray,^ ' 

log P ( T o r r ) = 7.950 - 1 5 3 0 . O / T (-92 to 29°C), 

was for i m p u r e S2Fio(l). 

TABLE XVIII. Vapor P r e s s u r e of L iqu id Disu l fu r D e c a f l u o r i d e 

t, °c 

-51 .0 
-48 .0 
-43 .0 
-38 .0 
-33 .0 
-28 .0 

P , T o r r 

11.93 
14.77 
20.83 
28.94 
39.67 
53.66 

Log P , 
T o r r 

1.07646 
1.16934 
1.31868 
1.46157 
1.59843 
1.72962 

IO'/T, 
°K"' 

4 .505 
4.444 
4.348 
4.255 
4.167 
4.082 

t, "C 

-23 .0 
-18 .0 
-13 .0 

-8 .0 
-3 .0 

0.0 

P , T o r r 

71.69 
94.70 

123.7 
160.0 
205.0 
238.5 

Log P , 
T o r r 

1.85548 
1.97635 
2.09251 
2.20422 
2.31174 
2.37744 

IO'/T. 
°K" ' 

4.000 
3.922 
3.846 
3.774 
3.704 
3.661 
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d. Thermochemical Data. For the reactions 

(1) S2Fio(l) - S2Fio(g): 

AHv° = 7.07 kcal m o l " ' ; " 

ASv° = 23.6 cal deg" ' m o l " ' . " 

(2) 2S(rh) + 5F2(g) = S2Fio(l): 

AHf° = -533.07 ± 4.1 kcal mol" ' . 

B. Selenium Fluorides 

1. SeFj Gas 

a. Cri t ical Tempera ture . 72.35°C.^* 

b. Thermochemical Data. The energy of fluorination of hex
agonal selenium to SeF6(g) has been measured calorimetrically. '^ The 
value given below for AHf°(SeF6,g) should now supersede the ear l ier datum 
of Yost and Claussen. 

For the reactions 

(1) Se(hex) + 3F2(g) - SeF6(g): 

AEf° = -265.77 kcal mol" ' ; 

AHf° = -266.95 ± 0.14 kcal mol" ' ; 

ASf° = -80.47 cal deg"' mol" ' ; 

AGf° = -242.96 kcal mol" ' ; 

log Kf° = 178.1. 

(2) iSe2(g) + 3F2{g) - SeF6(g): 

AHf = -284.40 ± 0.2 kcal mol" ' . 

Other thermodynamic data for SeF6(g) are given in Table XIX. 
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TABLE XIX. Thermodynamic Proper t ies of Selenium Hexafluoride 

T .(Q?-Hi )/T (H°-Hi )/T S° Cl ^ 
r0687ir."y-(TAL7KGW)^^Tc7rL7DES7^0"D (CAL/DEQ/MOL) (CAL/DEByHOL) 

07 
100, 
200, 
^2757 
296, 
300, 
400, 
500, 
600, 

15 
15 
00 
00 
00 
00 

700, 
600, 
900, 
1000, 
1100, 
1200, 
1300, 
1400, 
1500, 

00 
00 
00 

00 
00 
00 

1600, 
1700, 
1800, 
1900. 
2000 

,00 
,00 
,00 
,00 
,00 

0,000 
46,528 
53,526 
57,746 
59,099 
59,197 
64,241 
66.786 
72,905 
76,696 
60,098 
83,267 
86,203 
88,936 
91,490 
93,886 
96,144 
98,276 
100,297 
102,217 
104,045 
105,789 
107,498 

0,0000 
8,6686 

12,1741 
15,0019 
15,9046 
15,9697 
19,1228 
21,6065 
_23.96J7 
25,1192 
26,3629 
27,4246 
28,2956 
29.0343 
29.6678 
30,2166 
30.6966 
31.1196 
31.4953 
31,8310 
32,1326 
32,4056 
32,6532 

0.000 
56.196 
65.702 
72.748 
75.003 
76.167 
83.363 
90.392 
96.466 
101.777 
106.461 
110.692 
114.499 
117.970 
121.197 
124.103 
126.640 
129.396 
131.792 
134.048 
136.178 
138.195 
140.111 

0.0000 
11.1144 
20.0912 
25.0877 
26.4170 
26.5085 
30.3170 
32.5776 
33.9613 
34.8975 
35.5230 
35.9669 
36.2921 
36.5370 
36.7298 
36.8743 
36.9930 
37.0895 
37.1688 
37.2348 
37.29B4 
37.3375 
37.3779 

T 
(UEGiK.) 

0,00 
100.00 
200.00 
273.15 
298.15 
300.00 
400.00 
500.00 
600.00 
700.00 
600.00 
900.00 
1000.00 
1100,00 
1200,00 
1300.00 
1400.00 
1500.00 
1600.00 
1700.00 
1600.00 
1900,00 
2000.00 

(H" -H298 ) 
(KCAL/MOL) 

-4.7419 
-3.6751 
-2.3071 
-0.6442 
O.UOOO 
0.0490 
2.9072 
6.0613 
9.3945 

12.6416 
16.3644 
19.9401 
23.5536 
27.1956 
30.6594 
34.5397 
38.2332 
41.9375 
45.6506 
49.3708 
53.0972 
56.8286 
60.5645 

-iHf 
(KCAL/MOL) 

281.53 
283.24 
284.16 
284.40 
264.40 
284.40 
264.28 
283.99 
263.59 
283.14 
262.66 
262.16 
281.65 
281.13 
280.61 
280.09 
279.57 
279.06 
278.55 
278.04 
277.55 
277.05 
276.56 

-AGf 
(KCAL/MOL) 

281.63 
273.98 
264.28 
257.07 
254.45 
254.27 
244.23 
234.25 
224.34 
214.49 
204.72 
195.01 
166.36 
175.75 
166.20 
156.68 
147.21 
137.77 
128.37 _ 
118.99 
109.66 
100.35 
91.05 

LOQ Kf 

INF 
598.76 
288.79 
205.68 
186.92 
165.23 
133.44 
102.39 
81.71 
66.97 
55.93 
47.36 
40.91 
34.92 
30.27 
26.34 
22.98 
20.07 
17.93 
16.30 
13.31 
11.94 
9.95 
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c. Data Used in the Statistical Calculations 

M = 192.9504. 

r(Se-F) = 1.688 ± 0.01 A . " 

Symmetry = Oj^;" a = 24. 

lyylglc = 46,476 X 1 0 " ' " g' cm' . 

CD = 778.5(3), 710, 662(2), 436(3), 405(3), and 260(3) cm"' . '* '^ ' 

2. SeF^ Crystal 

a. Melting Point. -34.8 ± 0.5°C." 

b. Sublimation Point. -45.8°C." 

c. Vapor P r e s s u r e . The vapor p ressure - tempera tu re behavior 
of solid SeF^ was found by Yost and Claussen" to obey the equation 

log P (Torr) = -1440 .S /T + 9.2417 (-100 to -35°C). 

This equation was used to calculate the vapor p ressures given in Table XX. 

d. Thermochemical Data. For the reactions 

(1) S e F j c ) - SeF^d): 

AHm° = 2.01 kcal mol"'.^^ 

(2) SeF6(c) - SeF6(g): 

AHs° = 6.27 kcal m o l " ' . " 

(3) Se(hex) + 3F2(g) - SeF6(c); 

AHf° = -273.22 ± 0.21 kcal mol" ' . 

3. SeFj Gas 

a. Thermochemical Data. The energies of the pr imary and 
secondary bond dissociations of SF^ are equal, within experimental e r r o r . ' 
We assume that this is also true for SeF(,; thus 

D(SeF5-F) = |[AHf°(SeF4,g) + 2AHf°(F,g) - AHf°(SeF6,g)]. 



TABLE XX. Vapor P r e s s u r e of Solid 
Selenium Hexafluoride 

T < C > P (TORR > LQQP(TORR) 1/T(K) 

.lUU.UJ ff7J3 0,92059 5.775-003 

-97,00 11,54 1,06231 5.677-003 

• 94,OU 15,82 1,19928 5.582-003 

-VI,UO 

-B8,00 

-B5,00 

• 82,UO 

-/V,00 

-/6,00 

• •/ 3 , 0 0 

- / O . O O 

-67,00 

•64,00 

-61,OU 

-58,00 

-55,OU 

-52,00 

21,47 

28.83 

38.37 

50.60 

66,17 

85,81 

110.43 

141.06 

178.90 

225.35 

282.02 

350.73 

433.58 

532,92 

1,33174 

1,45990 

1,58398 

1,70416 

1,82063 

1,93356 

2,04310 

2,14940 

2,25261 

2,35286 

2.45028 

2,54498 

2,63707 

2,72666 

5.490-003 

5.401-003 

5.315-003 

5.231-003 

5.151-003 

5.072-003 

4.996-003 

4.922-003 

4.851-003 

4.781-003 

4.714-003 

4.648-003 

4.584-003 

4.522-003 

•49.00 651,42 2,81386 4.461^003 
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The appropriate thermochemical data from this report are inserted in the 
above equation to yield 

D(SeF5-F) = 61 kcal mol" ' , 

and from this is obtained 

AHf°(SeF5,g) = -224.8 ± 3.5 kcal mol" ' . 

For the reaction 

|Se2(g) +fF2(g) -SeF5(g) : 

AHf = -242.25 ± 3.6 kcal mol" ' . 

Other thermodynamic data for SeF5(g) are given in Table XXI. 

b. Data Used in Statistical Calculations 

M = 173.9520. 

r(Se-F) = 1.69 A (estimated). 

Symmetry = C^^; a = 4. 

I ^ I g l ^ = 24,446 X 10""' ' g' cm' . 

CO = 710, 662(2), 778.5(2), 436(2), 405(2), and 260(3) cm" ' (estimated 
by analogy with SeF^ (Refs. 14 and 56)). 

4. SeF4 Gas 

a. Thermochemical Data. Nichols^ measured the heat of 
hydrolysis of liquid SeF4 to form HF • nHjO and HjSeO, - nH20; his data 
have been recalculated on the basis of the "best" values ' for AHf°(HF - nHjO) 
and AHf°(H2Se03 • nHzO) to yield AHf°(SeF4,l) = - 194.02 ± 4.0 kcal mol" ' . 
Peacock'" reported AHv°(SeF4,l) = 11.24 kcal mol" ' . Therefore, 

AHf°(SeF4,g) = -182.78 ± 4.1 kcal mol" ' . 

For the reaction 

iSe2(g) + 2F2(g) - SeF4(g): 

Other thermodynamic data for SeF4(g) are given in Table XXII. 
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TABLE XXI. Thermodynamic Proper t ies of 
Selenium Pentafluoride 

T - (G° - H ^ _ )_/J^ (H°- H °Q )/T r _g 
(UEG.K.) '(CA"L/DEG/MOD (CAL/DEQ/MOL) (CAL/DEO/MOL) < CAL/DEff/MOL ) 

0700 0.000 0.0000 0.000 0.0000 
100.00 50,509 6.6105 99.119 10.7630 
20 0.00 52̂ ,_312 11.9175 68.830 17.9073 
273,15 '61.242 13.7846 75.027 21.8337 
298.15 62.461 14.9043 76.985 22.8792 
30 0.00 62.570 14.5562 77_.127 22,9512 

"^"0'","00^ ' 67,115 17,0628 84.178 25.9474 
500.00 71.143 19.0323 90.176 27.7297 
600.00 „_74j755 20.9601 95.336 2j_,_6293 

"700,00 78,024 21,8134 99.837 29.5494 
BOO.00 61.004 22.8130 103.817 30.0410 
90 0.0 0 83.740 23.6365 107.377 30.3697 

1000,00 86.267 24.3252 110.593 30.6491 
1100.00 88.614 24,9089 113.523 30.8375 
1200.00 90.603 25.4094 116 ._21J 30.9696 
"1300.00" 92.655 25.8430 118.698 31.1023 
1400.00 94.784 26.2221 121.006 31.1996 
1500.00 9 6j 605 26.55 63^ 123.161 31.2713 
1600.00 98.326 26.8530 125.181 31.3336 
1700,00 99.964 27.1181 127.082 31.3894 
IBOO.OO 101.621 27.3564 128_._878 31.4290 
1900.00" 103.006 27.5716 130.576 31.4661 
ilOOO.OO 104.425 27.7673 132.193 31.4977 

T 
(UEG.K.) 

0,00 
100.00 
200.00 
273.15 
298.16 
300.00 
400.00 
600.00 
600.00 
700.00 
600.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 

(H- -H° ) 
(KCAL/MUl) 

-4.3245 
-3.4634 
-2.0210 
-0.5592 
0.0000 
0.0424 
2.5006 
5.1917 
8.0236 

10.9449 
13.9299 
16.9484 
20.0008 
23.0793 
26.1666 
29.2714 

-AHf 
(KCAL/MOL) 

240.01 
241.39 
242.06 
242.25 
242.25 
242.25 
242.15 
241.91 
241.60 
241.25 
240.86 
240.49 
240.10 
239.71 
239.31 
238.91 

• AGf 
(KCAL/MOL) 

240.01 
234.55 
227.38 
222.06 
220.11 
219.96 
212.56 
205.19 
197.67 
190.61 
183.41 
176.24 
169.13 
162.05 
155.01 
146.00 

LOG Kf 

INF 
512.61 
248.47 
177.67 
161.35 
160.25 
116.14 
69.69 
72.08 
59.91 
50.10 
42.80 
36.96 
32.20 
26.83 
24.88 

1400.00 
1500,00 
1600,00 
1700,00 
1800,00 
1900,00 
2000,00 

32.3665 
35.5100 
36.6403 
41.7763 
44.9171 
48.0619 
61.2101 

238.52 
238.13 
237.74 
237.36 
236.99 
236.62 
236.26 

141.02 
134.07 
127.15 
120.24 
113.37 
106.51 
99.67 

22.01 
19.93 
17.37 
15.46 
13.76 
12.85 
10.89 
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TABLE XXII. Thermodynamic Proper t ies of 
Selenium Tetrafluoride 

T -(G°j-H° )/T (H°-tf Ĵ /7 SI C 
(UEG.K.) ( C A L / D E G / M O L ) ('CAL/bEG/MOL) (CAL/DEQ/MOL) (CAL/DEG^MQL) 

DTDU o","Trô  0,0000 o.ooo o.oono 
100,00 49,326 8,2178 97,544 9.0188 

_200.00 55,36_9 9.9226 61;192 12,9516 
273.15 58.533 10.8675 69.400 16,0470 
296.16 59,605 11,3404 70.645 16.9543 
300.00 59.575 11.3753 70.9 51 17.0179 
400,00 
600,00 
600,00 
700,00 
600,00 
900,00 

1000,00 
1100,00 
1200,00 
1300,00 
1400,00 
1500,00 
1600,00 
1700,00 
1800,00 
1900,00 
2000,00 

63,097 
66,202 
68,991 
71,524 
73,843 
76,979 
77,959 
79,603 
61,527 
83.146 
84,672 
66,114 
87,481 
88,781 
90,019 
91,201 
92,333 

13,1584 
14,6733 
15,9186 
16,9399 
17,7840 
18,4894 
19,0657 
19,5952 
20.0351 
20.4162 
20,7546 
21,0523 
21,3176 
21.9551 
21.7692 
21.9631 
22.1395 

76,296 
80.676 
84.909 
88.464 
91.627 
94.469 
97.045 
99.398 

101.562 
103.664 
105.426 
107.166 
108.799 
110.336 
111.788 
113.165 
114.472 

19.7900 
21.5486 
22.6685 
23.4184 
23.9372 
24.3086 
24.5885 
24.7897 
24.9499 
29.0763 
29.1776 
29.2600 
25.3279 
29.3845 
25.4381 
25.4786 
25.5072 

T 
(DEG.K.) 

(H" •H598 > 
(KCAL/MOL) 

-AHf 
(KCAL/MOL) 

. -AGf 
(KCAL/MOL) 

LOG Kf 

0.0 0 -3.3612 198.11 196.11 INF 
100.00 -2.5694 199.17 194.21 424.45 
200.00 -1.4766 199.87 188.94 206.46 
273.15 -0.4127 200.16 184.96 147.99 
296.16 0.0000 200.23 1 8 3 . 4 8 1 3 4 . 9 0 
300.00 0.0314 200.23 183.38 133.99 
400.00 Li6822 200.35 177.74 97.11 

""50"d";"00^ • 3.95'55 200.33 172.09 75.82 
600.00 6.1700 200.22 166.45 60.63 
700.00 8.4766 200.06 160.83 50.81 

—SOTTOO 10.64 6"1 199.87 155.24 42.41 
900.00 13,2593 199.65 149.67 36.85 

10 0 0.00 1^.20^5 199.43 144.13 31.90 
T;10"OTO"0" 16.1736 199.19 138.62 27.94 
1200,00 20.6609 198.95 133.12 24.84 
130 0 .00 23.1625 198.70 127.64 21.46 
""1400,00 2576793 198.46 122.19 19.07 
1500.00 28.1974 198.21 116.74 17.01 
1600.01 3^.7269 197._98 111.32 19.21 
"1700.00 ' ' 33.2626 197.74 106.91 13.62 
1600.00 35.6035 197.50 100.52 12.81 
1900.00 38.3487 197.27 95.14 10.94 
2000.00 40.6978 197.04 89.77 9.81 
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b. Data Used in the Statistical Calculations 

M = 154.9536. 

r(Se-F) = 1.70 ± 0.25 A (mean value). 

F S ^ = 180°; FSeF^^ = 100 ± 2°.'^ 

Symmetry = C^^; a = 2 (SeF4 structure similar to SF4). 

I ^ I B I C = 11.513 X 1 0 " ' " g' cm' . 

CD = 889, 867, 725, 715, 645, 557, 532, 463, and 235 c m " ' . " ' ' ^ 

5. SeF4 Liquid 

a. Freezing Point. -9.5°C. 

b. Boiling Point. 101.6°C"'; 107.7°C.'* ^ 

c. Vapor P re s su re . The following vapor -pressure equations 
for SeF4(l) were given by Peacock'" and Dagron,'* respectively: 

log P (Torr) (Ref. 60) = 9.44 - 2 4 5 7 / T (-9 to 46°C); 

log P (Torr) (Ref. 64) = 8.88 - 2 2 8 4 / T (40 to 107°C). 

Vapor pressures calculated from these equations are given in Tables XXIII 
and XXIV, respectively. 

d. Thermochemical Data. For the reactions 

(1) SeF4(l) - SeF4(g): 

AHv° = 11.24 kcal mol" ' ; 

ASv° = 30.0 cal deg"' mol" ' . 

(2) Se(hex) + 2F2(g) - SeF4(l): 

AHf° = -194.02 ± 4.0 kcal mol" ' . 

6. SeFj Gas 

a. Thermochemical Data. The enthalpy of formation of SeF2(g) 
was estimated by assuming that 

D(F2Se=0) = D(OSe = 0) = AHf°(SeO,g) + AHf°(0,g) - AHf°(Se02,g). 
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TABLE XXIII. Vapor P r e s s u r e of Liquid 
Selenium Tetrafluoride, -9 to 45°C 

T ( C ) P(TORR) LOGP(TORR) 1 / T ( K ) 

4U,UU 3B.58 1,5863/ 3.193-003 

43,00 45.25 1,65558 3.163-003 

46,00 52.90 1,72349 3.133-003 

19,00 61.68 1,/9U14 J.104-003 

t>2,00 71.71 1.85555 3.076-003 

6S,00 83,13 1,91977 3.047-003 

9 B , 0 U 9 6 . I i i l , 9 e < i 8 2 3 . 0 2 0 - 0 O 3 

6 1 , 0 0 1 1 0 , 8 5 2 , 0 4 4 7 5 2 . 9 9 3 - 0 0 3 

6 4 , 0 0 1 2 7 , 5 2 2 , 1 0 5 5 7 2 . 9 6 6 - 0 0 3 

6 7 , 0 0 1 4 6 . 3 2 2 , 1 5 5 3 2 2 . 9 4 U - 0 0 3 

7 0 , 0 0 1 6 7 . 5 0 2 , 2 2 4 0 2 2 . 9 1 4 - 0 0 3 

/ 3 , 0 0 1 9 1 . 3 0 2 , 2 8 1 7 0 2 . 8 8 9 - 0 0 3 

/6 .DU 21"7T97 i! ,3384U 2 . B 6 4 - 0 i r r 

7 9 , 0 0 2 4 7 . 8 1 2 , 3 9 4 1 3 * 2 . 8 4 0 - 0 0 3 

82 

85 

88 

VI 

94 

97 

lUO 

1U3 

106 

00 

UU 

DO 

00 

UU 

00 

00 

.UO 

.00 

281 

JIB 

359 

405 

456 

512 

574 

642 

717 

13 

26 

55 

38 

15 

30 

30 

62 

79 

2,44891 

2,50278 

2,55576 

2,60786 

2,65911 

2,70953 

2.75914 

2,80/95 

2,85600 

2 

i. 

2 

2 

•d 

2 

2 

2 

2 

816-003 

/92-003 

769-003 

746-003 

/24-0D3 

702-003 

680-003 

.659-003 

.637-003 
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TABLE XXIV. Vapor P r e s s u r e of Liquid 
Selenium Tetrafluoride, 40 to 106°C 

K C ) P(TORW) LUr.P(TORR) i/Jl^l 

,»,0O 'iTTa 0,13647 3 .786-003 

. 6 ,0U l - 7 5 _ 0,24292 3 .743 -003 

-3 ,00 2 .21 0,34505 3.702-003 

O.OU 2".79 0,44494 3 .661 -003 

3,00 3 .49 0,64266 3 .621 -003 

6,00 4 .35 0.63828 3 .582 -003 

9,00 5739 0 . 7 3 1 8 7 3 . 5 4 4 - 0 0 3 

12,00 6.66 0,82348 3 .507 -003 

15 

16 

21 

24 

27 

30 

33 

36 

39 

42 

4b 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

8,19 

10.02 

12.22 

14.84 

17.95 

21.63 

25.97 

31.07 

37.05 

44.03 

52.16 

0,91319 

1,00105 

1,08712 

1,17145 

1,26409 

1,33510 

1,41492 

1,49240 

1,56878 

1,64371 

l,7l7J3 

3.470-003 

3.435-003 

3.400-003 

3.365-003 

3.332-003 

3.299-003 

3.266-003 

3.235-003 

3.204-003 

3.173-003 

3.l43-0ft3 

By inserting into this equation the values AHf°(Se02,g) = - 30.96 kcal mol" 
AHf°(SeO,g) = 14.35 kcal m o l " ' , " and AHf°(0.g) = 59.6 kcal mol" ' . we 
obtain 

D(F2Se=0) = 104.9 ± 5.1 kcal mol" ' . 

Insertion of this value and the value AHf°(SeOF2,g) = - 115.4 kcal mol" ' 
(Refs. 26 and 64) into the equation 

D(F2Se=0) = AHf°(SeF2,g) + AHf°(0,g) - AHf°(SeOF2,g) 

yields 

AHf°(SeF2,g) = -70.1 ± 5.2 kcal mol" ' . 
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For the reaction 

iSe2(g) + F2(g) - SeF2(g): 

AHf = -87.55 ± 5.5 kcal mol" ' . 

Other thermodynamic data for SeF2(g) are given in Table XXV. 

b. Data Used in the Statistical Calculations 

M = 116.9568. 

r(Se-F) = 1.69 A; FSeF = 100° (both values estimated). 

Symmetry = C2vi 0 = 2 . 

I^IgI(~ = 828.63 X 1 0 " ' " g' cm' . 

CD = 780, 437, and 405 cm" ' (estimated by analogy with SeF4). 

7. SeF Gas 

a. Thermochemical Data. The enthalpy of formation of SeF(g) 
was est imated by assuming that the bonds in SeF2 were of equal strength 
(cf., SCI2, SeCl2, and SF2) and thus equal to 82 ± 3 kcal mol" ' . Therefore 
for the reactions 

(1) Se(hex) +iF2(g) - SeF(g): 

AHf° = -7.4 + 3.0 kcal mol" ' . 

(2) iSe2(g) +iF2(g) - S e F ( g ) : 

AEf = AHf = -24.85 ± 3.2 kcal mol" ' . 

Other thermodynamic data for SeF(g) are given in Table XXVI. 

b. Data Used in the Statistical Calculations 

M = 97.9584. 

r(Se-F) = 1.69 A (estimated). 

I = 7.2624 X 1 0 " " g cm^. 

CJD = 735 cm"' . '* 
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T A B L E X X V . T h e r m o d y n a m i c P r o p e r t i e s of S e l e n i u m D i f l u o r i d e 

(UEG7K.) (CAt/"DEG%0Lr(CA"L/DEG9MOL) (CAL/DEG/MOL) (CAL/DE&^MCTL) 

0 . 0 0 
1 0 0 . 0 0 
2 0 0 , 0 0 
2 7 3 ; 1 5 
2 9 6 , 1 5 
30 0^0 0^ 
4~00,00 
5 0 0 . 0 0 

_600,oq_ 
7d"o";"o"o 
800.00 
900.00 

"i;"innrrinr 
1 1 0 0 . 0 0 
1 2 0 0 . 0 0 

"T^oo.o"o 
1 4 0 0 . 0 0 
1 5 0 0 . 0 0 
16 "00. 0 0 
1 7 0 0 . 0 0 
1 6 0 0 . 0 0 
1 9 0 0 . 0 0 
2 0 0 0 . 0 0 

"OTirOT 
4 5 , 6 1 0 
5 1 , 5 1 6 
5 4 , 2 8 0 
5 5 , 0 9 1 
55 A * i -

" 5 7 , 9 3 3 
6 0 , 2 2 3 
6 2 , 1 7 6 ^ 
63 ,8e '8 
6 6 , 4 0 6 
6 6 , 7 7 7 
66,023"" 
6 9 , 1 6 7 
7 0 , 2 2 3 
71,20"4 
7 2 , 1 2 1 
7 2 , 9 6 1 
73,791 
74,557 
75.262 
76,972 
76,629 

6, 
6, 
9, 
9, 
9, 

"10 
10 
IJ 
11 
11 
11 

FodD 
0065 
6034 
1633 
3461 
S593 
0054 
5196 
926l_ 
2614 
5157 
7339 

11 
12 
12 

,9167 
,0717 
,2048 

12 
12 
12 

,3202 
,4211 
,5101 

12 
12 
12 

r5B92 
, 6 5 9 9 
, 7 2 3 4 

12 
12 

,7609 
,8330 

~"0"7D1"0 
53.816 
60.119 
63.443 
64.437 

j64^508 
6 7 . 9 3 8 
7 0 . 7 4 2 
73 .104^ 
7 5 . 1 3 9 
7 6 . 9 2 4 
7 8 . 5 1 1 
7 9 . 9 * 0 
6 1 . 2 3 6 
6 2 . 1 2 6 
8 3 . 5 2 5 
8 4 . 5 4 2 
8 6 . 4 9 1 
86.360 
87.217 
86.006 
88.752 
69.462 

o.ooou 
8.2986 

10.1276 
11.1978 
11.4617 
11.5013 
12.3143 
12.7976 
13._09B3 
i"3.2949 
13.4292 
13.5247 
13.594?"" 
13.6474 
13.6680 
13.7200 
13.7496 
13.7664 
13.7835 
13.7977 
13.8097 
13,8199 
13.6286 

(UEG.K.) 
(hf -H°298 ) 

(KCAL/MOL) 
-AHf 

(KCAL/MOL) 
-AGf 

(KCAL/MOL) 
LOG Kf 

0.00 
"^ oir. 0 0 

2 0 0 , 0 0 
2 7 3 , 1 5 
2 9 6 . 1 6 
3 0 0 . 0 0 
4 0 0 . 0 0 
'501370 0 
6 0 0 . 0 0 
7 0 0 . 0 0 
800.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 
1400.00 
1600.00 
1600.1^0^ 
1700.00 
1600.00 
1900,00 
2000,00 

-2,7665 
-1.9859 
-1.0656 
-0.2836 
O.DOOO 
0.0213 
1.2156 
2.4732 
3.7692 
5.0895 
6.4261 
7.7740 
9.1302 

10.4924' 
11.8592 
13.2297 
14.6030 
15.9787 
17.3662 
18.7353 
20.1156 
21.4971 
22.6796 

86.JiA_ 
8 7 . 3 3 
8 7 . 5 0 
8 7 . 5 5 

86.94 
86 .07 
84 .72 
83 .74 

"87.55 
87,55 
67.56 

8373T" 
83.31 
61.90 

6 7 . 5 4 
6 7 . 5 2 
8 7 . 4 9 
6 7 . 4 7 
6 7 . 4 4 
8 7 . 4 2 
6 7 . 4 0 
6 7 . 3 6 
8 7 . 3 6 
6 7 . 3 5 
8 7 . 3 4 
8 7 . 3 4 
6 7 . 3 4 
8 7 . 3 5 
8 7 . 3 5 

80749" 
79 .08 
77.67 
76 .27 
74 .87 
73 .48 
72 .06 
70 .69 
69 .30 
6 7 . 9 1 
6 6 . 5 2 
6 5 . 1 4 
63.75 
62 .36 
60 .97 

87.36 69.58 

INF 
186.11 
92.98 
67.00 

" M T O ^ 
60 .69 
4 4 . 7 5 
'35.18 
2 6 . 8 0 
2 4 . 8 5 
2 0 . 8 4 
1 8 . 1 8 
1 6 . 0 6 
1 4 . 5 2 
1 2 . 8 7 
1 1 . 6 6 
1 0 . 6 0 

9 . 6 9 
8..90_ 
6 . 8 0 
7 . 9 7 
7 . 0 1 
6 . 9 1 
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(DEe ,K . ) 

0 .00 
100,00 
200,00 
273,15 
296.16 
30U.OO 
400.00 
500,00 
600,00 
700,00 
600,00 
900,00 
1000,00 
1100,00 
1200,00 
1300,00 
1400,00 
1500,00 
1600,00 
1700,00 
1800,00 
1900,00 
2000,00 

T 
(UEG,K,) 

0,00 
100,00 
200,00 
273,15 
296,15 
300,00 
400,00 
50 0 .0 0" 
600,00 
700.00 
600.00 
900.00 

1000.00 
1100.00 
1200.00 
1300.00 
i4"oO"."do 
1500.00 
1600.00 
1700,00 
1600,00 
1900.00 
2000,00 

(CAL/DEG/MOL) 

0,000 
40,965 
45,794 
47,993 
48,616 
48,662 
50,750 
52.411 
53.797 
64.991 
66.040 
56.977 
57.624 
56,596 
59,307 
59,965 
60,677 
61,150 
61,686 
62,196 
62,676 

" 63,132 
63,565 

(H'-HJ ) 
(KCAL/HOL) 

-2.1356 
-1,4404 
-0,7343 
-0.1916 
0 .0000 
0.0143 
0.8069 
1.6296 
2.4724 
3.3279 
4.1921 
5.0626 
5.9373 
6.8156 
7.6963 
8,6791 

" 9.4635 
10.3491 
11.2358 
12.1233 
13.0116 
13.9005 
14.7'899 

(CAL/bEGAMOL) 

0.0000 
6.9619 
7.0066 
7.1174 
7.1630 
7.1664 
7.3662 
7.9309 
7.6600 
7.8050 
7.9097 
7.9979 
8.0730 
8.1375 
6.1933 
8.2421 
8.2851 
8.3232 
6.3571 
6.3676 
8.4151 
6.4401 
8,4626 

-AHf 
(KCAL/MOL) 

24.65 
24 .80 
24.82 
24.85 
24.8b 
24.85 
24.87 
24.89 
24.90 
24.92 
24.93 
24.95 
24.96 
24.96 
25.00 
25.02 
25.0 4 
29.07 
25.10 
25.13 
29.17 
25.20 
25.24 

(CAL/DEQ/MOL) 

0.000 
47.917 
52.800 
55.110 
55.781 
95.629 
98.106 
99.942 
61.477 
62.796 
63.950 
64.976 
66.897 
66.734 
67.600 
68.207 
68.662 
69.473 
70.045 
70.583 
71.091 
71.572 
72.026 

-AGf 
(KCAL/MOL) 

24.65 
24."98 
25.13 
25.28 
25.Z8 
25.26 
25.42 
25.66 
25.69 
25.82 
25.95 
26.08 
26.20 
26.32 
26.45 
26.56 
26.68 
26.80 
26.92 
27.03 
27.14 
27.25 
27.35 

(CAL7DEG9M0L) 

D.OOOO 
6.9608 
7.2387 
7.6021 
7.7188 
7.7271 
8.0994 
8.3416 
8.4989 
8.6038 
8.6765 
8.7286 
8.7670 
8.7960 
8.8185 
8.8362 
8.8504 
8.8619 
6.8716 
8.6794 
8.8861 
8.8917 
8.6966 

LOG Kf 

INF 
64.99 
27.47 
20.82 
18.93 
18.42 
13.89 
11.17 
9.36 
8.06 
7 . 09 
6.33 
6.73 
5.83 
4.82 
4.47 
4.17 
3.90 
3.66 
3.47 
3.30 
3.13 
2.99 
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C. Tellurium Fluorides 

1. TeFfc Gas 

a. Critical Temperature. 83.25°C. 

b. Thermochemical Data. The standard enthalpy of formation 
of TeF6(g) was derived from measurement of the energy of combustion of 
Te(c) in fluorine in a bomb calorimeter . 

For the reactions 

(1) Te(c) + 3F2(g) - TeF6(g): 

AEf° = -326.02 kcal mol" ' ; 

AHf° = -327.20 ± 0.56 kcal mol" ' ; 

ASf° = -76.9 cal d e g " ' m o l " ' ; 

AGf° = -304.26 kcal mol" ' ; 

log Kf° = 223.0. 

(2) iTe2(g) + 3F2(g) - TeF jg ) : 

AHf = -347.30 ± 0.58 kcal mol" ' . 

Additional thermodynamic functions for TeFe,(g) a re given in Table XXVII. 

c. Data Used in the Statistical Calculations 

M = 241.5904. 

r (Te-F) = 1.84 ± 0.02 A . " 

Symmetry = Oj^;" a = 24. 

I^IglQ = 77,966 X 10""' ' g' cm' . 

CO = 752(3), 697, 672(2), 325(3), 315(3), and 197(3) cm"' . '* 

2. TeFt Liquid 

a. Vapor P r e s s u r e . The following vapor -pressure equation 
applies over the narrow range -38.6 to -37.7°C: 

log P (Torr) = 7.091 - 9 8 8 / T . 
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T »_(e°_-H° L/T (ri* -H° )/T SV „ -.C° 
(UfcU.K,) (CAU/DE(fyMUL) ( CAL/DEG7M0L ) (CAL/DtG/MOL ) ( CAL/DEG?MOL ) 

U,00 

100,00 
200,00 

i:73,15 

<i9B,15 

300,00 
400,00 

bUU,00 

/0D,00 
BOD,00 

1000,00 

1100,00 
i2DQ,nn 

1,300,00 
1400,00 
1500,110 

1600,00 
1/00,00 

-uaun.oo-
1V00,00 
2000,00 

o.uor 
4 8 . 0 2 1 
5 6 . U 3 4 
60 .86,; 
62.3Ba 
62.49V 

66.UBB 
73.Ula 

_77.tiy 
61,386 
84.996 

-89.30i^ 
91,349 

94.l7b 
96.Blla 

99.i:73 

101.589 

103. /73-
105.b3^< 
107.600 

• 109.664 
111.141 
113.140 

0,0000 

9,5639 
_1.4,0695_ 

16,9647 
17,8699 

20,9333 
23,2369 
?5,0 2XO... 

26,4444 
27,5885 
26,5284, 

2 9 , 3 1 2 8 
2 9 , 9 7 6 6 

JfLnSASJ]-
31,0370 
31,4669 
31,8455 
32,1616 
32,4816 
32,7612^-

0.000 

57.585 
. 70,103 

77.647 
80.256 

_. 60.. 432. 

89.021 
96.255 

-102^446. 

107.632 
112.686 
•116.630-

32,9946 
33,2158 

120,662 
124,151 
.127.,35i_ 

130,310 
133,056 

-135^61-9— 
136,021 
140,281 

- 142,415.— 

144,436 
146,355 

(i", 0 000" 
13,7544 
22,6 65.0 
26,9640 
2«,0936 
.2&^1714-
31,4069 
33,3344 
34,5316 
39,3136 
35,8476 
36,??69 

36,5046 
36,7141 
36,6754 

37,0023 
37,1036 

—37,1665.^ 
37,2541 
37,3106 

. _37,35e0.-
37,39e3 
37,4328 

( U b G . K . ) 

(hf - H ; ) 
( K C A L / M U L ) 

.AHE 

(KCAL/MOL) 

,AGf 

(KCAL/MOL) 

LOG Kf 

0 , 0 0 

1 0 0 , 0 0 
iioo.ao 
2 / 3 , 1 5 
<i9B.15 
. i n n , o n 
400,00 
500,00 
OUOf00 

/UO,00 
600,00 
vgn.nn 

1UOD,00 

1100,00 

1300,00 

1400,00 
1500,nn 

1600,00 
1/00,00 
1000,00 
l^OOiOO 
2000,00 

-5,3279 

-4,3715 
_!!.2,5l4g 

pO,6Be5 
0,0000 
o,n52j 

3,0454 
6,2905 
9,6B63 

13,163,; 

16,742B 

211,3476.-
23,9849 

27,6463 

3],3201 
35,02L'2 
38,725/ 

-A2..40U4 
46,1625 
49,89Ua 
'i.̂ ,6>'4,i 

57,3622 
61,103o 

345,11 

346,62 
347,26 
347,34 
347,30 
347,.^0-
347,05 
346(67 
-346,21 

345 ,72 
345.20 
J544,67 
3 4 4 , 1 3 
3 4 3 , 5 9 
.•^43,05 
342,51 
341,97 
-3A1.^A4-
340,91 
340,36 
.139., 86 

339,34 
338i83 

345,11 

337,43 
3?7.a9 

320,86 
318.34 

308,46 
298,88 
280,^^6 

279,92 
270.56 
261.26 

252.02 
242.84 
233.71 

224.61 
215.56 
206.55-

197.58 
188.63 
179.73 

170.84 
161.99 

INF 

737,46 

356,31 
?56,74 
233,36 
831.76 
168,54 

130,64 

105,40-
67,40 
73,91 
63,44 

5 5 , 0 6 
4 8 , 2 6 
4 2 , 5 6 
37.76 
33,65 
-JD-rJW-
26,99 
24,25 
21,W2 
19,66 
17,70 
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b. Thermochemical Data. For the reactions 

(1) T e F j l ) - TeF6(g); 

AHv° = 4.23 kcal mol"';-^' 

ASv° = 18.01 cal deg"' mol" ' . 

(2) Te(c) + 3F2(g) - TeF,(l): 

AHf° = -331.43 ± 0.61 kcal mol" ' . 

3. TeFfe Crystal 

a. Melting Point. -37.6 ± 0.5°C.^'' 

b. Sublimation Point. -38.3°C." 

c. Vapor P res su re . The following equations represent the 
vapor pressure of TeFb(c): 

log P (Torr) = -1471 .4 /T + 9.1605 (100 to -37°C)," (12) 

and 

log P (Torr) = - 1 3 4 2 / T + 8.5940 (100 to -37°C).^^ (13) 

Equation 12 was used to calculate the data in Table XXVIII. 

d. Thermochemical Data. For the reactions 

(1) TeF6(c) - TeFsd): 

AHm° = 1.9 kcal mol" ' . '* 

(2) Te(c) + 3F2(g) - TeFe(c): 

AHf° = -333.33 + 0.65 kcal mol" ' . 

4. TeFs Gas 

a. Thermochemical Data. The standard enthalpy of formation 
of TeF5(g) was estimated by assuming that the pr imary and secondary bond 
dissociation energies of TeF^ were equal (see Section B.3). 
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TABLE XXVIII. Vapor P r e s s u r e of Solid 
Tellurium Hexafluoride 

T(C> P(TORR) LOGPdORR) 1 /T(K) 

-1UU,0U 

-97.00 

-94,00 

-91,00 

-66,00 

-65,00 

-62,00 

-79,00 

-76,00 

-/3,UU 

-/0,00 

-67,00 

-64,UU 

-61,00 

-56,00 

-99,00 

4,50 

6,42 

6.86 

12.09 

16.36 

21.86 

29.03 

36,16 

49,79 

64,42 

62,71 

106,43 

133,46 

167,62 

209,66 

260,36 

U , b b i b l 

0,80739 

0,94727 

1,08254 

1,21343 

1,34014 

1,46286 

1,58182 

1,69715 

1,80901 

1,91756 

2,02298 

2,12536 

2.22484 

2,32155 

2,4156U 

5./75-003 

5.677-003 

5.582-003 

5.490-003 

5.401-003 

6.315-003 

5.231-003 

6.151-003 

5.072-003 

4.996-003 

4.922-003 

4.651-003 

1./B1-0U3 

4.714-003 

4.646-003 

1.5B*-0U3 

-52 .00 321.44 2,50710 4.922-003 

- 4 9 . 0 0 394.59 2,59615 4 .461 -003 

• 46.UU 4 8 1 , 7 / 2 ,68284 4.*Oi:-0D3 

- 4 3 , 0 0 565 ,16 2.76786 4 .345 -003 

. 4 0 , 0 0 707,20 2,64994 4 .289 -003 

For the reactions 

(1) Te(c) +fF2(g) - TeF5(g): 

AHf° = -277.2 ± 5.0 kcal mol" ' . 

(2) fTe2(g) + j F 2 ( g ) - T e F 5 ( g ) : 

AHf = -297.3 ± 5.1 kcal mol" ' . 

Additional thermodynamic functions for TeF5(g) a re given in Table XXIX. 
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TABLE XXIX. Thermodynamic Properties of 

Tellurium Pentafluoride 

( U t U , K , ) (CAL/DKG%UL) (CAL/DE?/MOL) (CAL/DtG/MOL) (CAL/DEG/MOL) 

o v n o.uOu 0,0000 0,000 oToooo 

100,00 52.046 9.3782 61,424 Jl'S^nl 

,i73,15 64.074 15,3077 79,382 23,1938 
<!9B|I5 65.445 16,0073 81,452 24,0902 
300.00 65.544 16,0574 .ai.AJU ___21^i515 
^00,00 70.504 18,4315 88.935 26,7291 
500,00 74.821 20,2573 95,079 28,2651 
600,00 7B.646 21 ,6775 U)fl...32i -.- .- . 29,220.6 
/00,00 82.073 22,8027 104,878 29,6449 
BOO,00 85.161 23,7112 108.692 30,2713 
VOO.OO aa.Uia 24,4576 112.476 30,5.740 

lUUU.QO 90.628 25,0811 116.710 30,7956 
1100,00 93.044 25,6086 116,653 30,9629 
1200.00 95_,.i9a 2ii,n603 12t*JS3 31,0917 
1JOO,QO 97,394 26,4514 123,646 31,1929 
1100,00 99.36/ 26,7931 126,160 31,2740 
1500,00 1 01 .226 27,0941 lZ8^.iZ0 31,3396 
1600,00 102,9a4 27,3612 130.345 31,3939 
1/00,UU 104.660 27,5997 132,249 31,4369 

-l.!iIUL,JUI 106.233 27,8141 134-,J)4J 34,4768 
1900,00 107./42 26,0078 135.750 31,5090 
2000,00 109.184 28,1835 137,367 31,5366 

r (H° - H j j g ) iTjHf =̂"AGf LOG Kf 

(gb(i,K,) (KCAL/MOL) (KCAL/MOL) (KCAL/MOL) 

0,00 
100,00 
^00,00 
273,15 
298,15 
300,00 
400,00 
50D. 00 
600,00 
/OO.DO 
800,00 
VOU, 00 

1UOO,DO 
1100.00 

-4,7/2o 

-3,B34a 
»2,i/ia 
»0.5913 
0.0000 
0,0446 
2,6000 
5,3561 
8,2339 

11,1893 
14,196t 
17,2395 
20,3065 
23,3y6B 

295,61 
296.79 
297.-27 
297,33 
297,.-̂ n 
297.30 
297(11 
296,H1 
296,46 
296,07 
29Sx6R 
295,27 
294,86 
29A,44 

295,61 
290.n? 
262,96 
277,81 
27«i,q2 
275.79 
268.64 
261 ,>iS 
254.54 
247,56 
24n,AR 
233,83 
227,02 
9?n,76 

INF 

63.1,64 
309,22 
222,26 
202,25 
200,91 
146,78 
<14,33 
92,71 
77.30 
h5,75 
56,78 
49,62 
AS,76 

1200,00 26,499a 294,03 213,54 38,89 
1300,00 29,6142 293i62 206,84 34,77 
1400,00 ZZ^322 293(21 ?00,18 31,?5 
1500,00 35,8685 292i80 193,55 26,20 
1600,00 39,0053 292,40 166.95 26,54 
-1700,00 4?,147U 292,no 160,36 23,19 
1800,00 45,2928 291f61 173,82 21,11 
1V00,00 4e,442«; 291i'22 167,26 19,24 
2000.DO 51.5945 290.83 160.77 17.57 



53 

b. Data Used in Statistical Calculations 

M = 222.5920. 

r (Te-F) = 1.84 A (estimated). 

Symmetry = C^^; 0 = 4. 

I^Iglf^ = 41,399 X 1 0 " ' " ĝ  cm^ 

CD = 697, 672(2), 752(2), 325(2), 315(2), and 197(3) cm"' . 
(Values estimated by analogy with TeF4(g). ) 

5. TeF . Gas 

a. Thermochemical Data. A value for AHf°(TeF4,g) was 
calculated on the basis of the heat of hydrolysis of TeF4(c), measured by 
Nichols,^' and a heat of sublimation of 14.5 kcal mol" ' . * 

For the reactions 

(1) Te(c) + 2F2(g) - TeF4(g): 

AHf° = -227.3 ± 2.1 kcal mol" ' . 

(2) iTe2(g) + 2F2(g) - TeF4(g): 

AHf = -247.4 ± 2.3 kcal mol" ' . 

Additional thermodynamic functions for TeF4(g) a re presented in Table XXX. 

b. Data Used m Statistical Calculations 

M = 203.5936. 

r (Te-F) = 1.85 A (mean value). 

FTeF„„ = 100°; F T e F , ^ = 180°. eq ax 

Symmetry = C .̂̂ ,; 0 = 2 (SF4 structure assumed). 

I^Iglj- = 18,362 X 1 0 " ' " ĝ  cm^ 

to 880, 420, 250, 100, 580, 700, 480, 610, and 200 c m ' ' . 
(Values estimated by analogy with SF4 and SeF4.) 
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TABLE XXX. Thermodynamic P r o p e r t i e s of 
Te l lur ium Tetraf luoride 

I >(lf -h! l/U Uf^H'-UJ i°- i 
lUbui .K, ) (CAL/DiG7MUL) (CAL/DEG7M0L) (CAL/DtG/MOL) (CAL/DE(r/MOL) 

TTOO O.UOU 0,0000 0,000 0,0000 

1 0 0 , 0 0 5 1 . 2 4 / 9 , 4 3 0 1 6 0 , 6 7 7 1 ^ ' ^ ^ j * 
^ 0 0 , 0 0 5ii JpJLU 11 , 7 6 3 4 7.0-.263 t6 .» i455-
i;73,15 62.40/ 13,3593 75,766 18,9586 
<;9B,15 63.599 13,8690 77,458 19,6636 
.SOU,00 6J . 6 6 5 13 , f i95n .77.̂ .5.8.0 1 9 . , i l 2 i 
4 0 0 , 0 0 67 .92V 1 5 , 6 2 6 4 8 3 , 5 5 5 2 1 , 7 5 2 6 
5 0 0 , 0 0 7 1 . 5 6 a 1 6 , 9 8 4 2 6 6 . 5 5 2 2 2 , 9 7 6 4 

_6UJJ ,aj) 7 4 . / 6 J 1 £ . 0 5 1 9 9 a . . e i 4 5 3 , 7464 
/UO.OO 7 7 . 6 1 2 1 8 , 9 0 3 5 9 6 . 5 1 5 2 4 , 2 4 8 6 
auu,aO 8 0 . 1 8 3 1 9 , 5 9 4 5 9 9 . 7 7 7 2 4 , 5 9 3 5 
VOO.OO 8 2 . 5 2 4 2 0 , 1 6 4 3 1 0 ? . 6 n 9 2A^Jii£fi 

1U0U,0U 8 4 . 6 7 4 2 0 , 6 4 1 2 1 0 5 , 3 1 5 2 5 , 0 1 8 8 
1 1 0 0 , 0 0 8 6 , 6 6 1 2 1 , 0 4 5 6 1 0 7 , 7 0 7 2 5 , 1 5 4 7 
liiOU.OU fiH,5Ca 21,..39?6 J,flt.^Jm 2 '» |2695 
1 3 0 U , 0 0 9 0 . 2 ^ 2 2 1 , 6 9 3 3 1 1 1 , 9 2 5 2 9 , 3 4 1 9 
1 4 0 0 , 0 0 9 l , B 4 v 2 1 , 9 5 6 4 1 1 3 , 8 0 6 2 9 , 4 0 8 0 
1 5 0 0 , 0 0 9.<.,572 2 2 , 1 8 8 3 1 1 5 , 5 6 1 2'^,4616 
1600,UO 9 4 . a l l 2 2 , 3 9 4 3 1 1 7 , 2 0 5 2 9 , 5 0 5 7 
1 / 0 0 , 0 0 9 6 . 1 7 4 2 2 , 5 7 8 5 1 1 8 , 7 5 3 2 5 , 9 4 2 5 
IBJiJJ ..0 Q 97 .47U 2 P , 7 4 4 J 1 2 0 , 2 1 4 2 9 , 9 7 3 4 
1VUU,00 9 B . / Q 3 2 2 , 6 9 3 7 1 2 1 , 5 9 7 2 9 , 6 9 9 7 
2 0 0 0 , 0 0 9 9 . 8 8 1 2 3 , 0 2 9 5 1 2 2 , 9 1 1 2 9 , 6 2 2 2 

(H°-^^gg ) .AiM 'AHf uoa K. 
( U t ( j , K , ) (KCAL/MOL) (KCAL/MOL) (KCAL/MOL) 

0 , 0 0 - 4 , 1 3 2 1 2 4 6 i l 2 2 4 6 , 1 2 INF 
1 0 0 , 0 0 - 3 . 1 8 9 1 2 4 6 , 9 6 2 4 2 , 1 4 9 2 9 , 2 0 
2 0 0 , 0 0 - 1 , 7 7 9 4 2.47,34 2 3 7 , 1 2 2 5 9 , 1 1 

- 0 , 4 8 3 0 2 4 7 , 4 1 2 3 3 , 4 2 1 6 6 , 7 6 
0,0OOU 2 4 7 , 4 0 2 3 2 , 0 5 1 7 0 , 1 0 
(1,0 364 2A7..A0 2 3 1 , 9 5 1 6 6 , 9 6 
2 , l i f t s 2 4 7 , 3 0 2 2 6 , 6 2 1 2 3 , 9 3 
4 .360U 2 4 7 ( 1 1 2 2 1 . 7 2 9 6 , 9 1 
64.6911 246,Bf i 216 ,66 78 ,92 

/OO.OO 9 , 1 0 0 4 2 4 6 , 6 3 2 1 1 , 6 4 6 6 , 0 6 
8 0 0 , 0 0 1 1 , 5 4 3 5 2 4 6 , 3 6 2 0 6 , 6 7 5 6 , 4 6 
VOO.On X4 * 015B ^4 ,6 .06 2 0 1 . 7 2 46 ,9R 

100U,DO 1 6 , 5 0 9 1 2 4 5 , 8 1 1 9 6 , 8 0 4 3 , 0 1 
110U,00 1 9 , 0 1 8 1 2 4 5 , 5 3 1 9 1 , 9 2 3 6 , 1 3 
120U,un Zl^ 5a9u 2 4 5 . 2 5 1 6 7 , 0 6 3 4 , 0 7 
1.500,00 2 4 , 0 6 9 J 2 4 4 , 9 7 1 8 2 , 2 2 3 0 , 6 3 
1 4 0 0 , 0 0 2 6 , 6 0 6 V 2 4 4 , 6 9 1 7 7 , 4 0 2 7 , 6 9 

—IgflCOO 2S-a6.02 24A+42 lZ2-rAfl 2 6 . 1 5 
1 6 0 0 . 0 0 3 1 , 6 V 8 9 2 4 4 , 1 5 1 6 7 , 8 3 2 2 , 9 2 
1 / 0 0 , 0 0 3 4 , 2 5 1 4 2 4 3 ( 8 7 1 6 3 , 0 6 2 0 , 9 6 

—U-OJUaXl 36,8U7k: 2 4 3 , 6 1 1 5 8 , 3 3 1 9 , 2 2 
IVOO.OO 3 9 , 3 6 6 V 2 4 3 , 3 6 1 5 3 , 5 9 1 7 , 6 7 
2U00 ,00 4 1 , 9 2 7 0 2 4 3 , 0 9 1 4 8 , 8 7 1 6 , 2 7 
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6. TeF4 Liquid 

a. Boiling Point. 193°C (dec).^* 

b. Vapor P r e s s u r e . The following vapor -pressure equation 
for liquid TeF4 (130-193°C) was given by Junkins, Bernhardt, and 
Barber: '* 

log P (Torr) = 5.6397 - 1786.4/T. 

This equation was used to calculate the vapor p ressu res given in 
Table XXXI. 

c. Thermochemical Data. For the reactions 

(1) TeF4(l) - TeF4(g): 

ASv° = 12.62 cal deg" ' m o l " ' . " 

(2) Te(c) + 2F2(g) - TeF4(l): 

AHf° = -235.5 ± 2.1 kcal mol" ' . 

7. TeF4 Crystal 

a. Melting Point. 129.6°C.'* 

b. Vapor P r e s s u r e . The vapor p ressure of TeF4(c) from 25 
— Ag 

to 130°C is given by the equation 

log P (Torr) = 9.0934 - (3174 .3 /T) . 

The vapor p r e s su re s in Table XXXII have been calculated from this equation. 

c. Thermochemical Data. For the reactions 

(1) TeF4(c) - TeF4(l): 

AHm° = 6.35 kcal m o l " ' ; " 

ASm° = 15.77 cal deg" ' mol"'.** 

(2) Te(c) + 2F2(g) - TeF4(c): 

AHf° = -241.8 ± 2.1 kcal mol" ' .^ ' 
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TABLE XXXI. Vapor P r e s s u r e of Liquid 
Tellurium Tetrafluoride 

T (C) P(TORR) l.OGP(TORR) 1 / T < K ) 

130.00 16.17 1,20859 ZT480-003 

133,00 17.43 1,24133 2.462-003 

136,00 18,77 1,27398 2.444-003 

139.UU 20.20 1,30536 2.426-003 

1 4 2 . 0 0 2 1 , 7 1 1 . 3 3 6 6 6 2 . 4 0 9 - 0 0 3 

1 4 6 . 0 0 2 3 . 3 1 1 , 3 6 7 5 5 2 . 3 9 1 - 0 0 3 

T 4 3 7 P 2 5 , 0 0 1 , 3 9 7 9 8 2 . 3 7 4 - 0 0 3 

li>l,OQ 26 . 79 1 , 4 2 7 9 8 2 . 3 5 6 - 0 0 3 

164,00 28.68 1,49756 2.341-003 

167,00 30.67 1,48673 2.325-003 

16 0,0 0 32,7 7 1,51549 2.309-003 

163.00 

166,00 

169,00 

34.98 

37,31 

39,76 

1,54386 

1,57184 

1.59944 

2.293-003 

2.277-003 

2.262-003 

1/2.00 42.33 1,62667 2.246-003 

1/6.UU 45.03 1,65353 2.231-0O3 

178,00 47,87 1,68004 2.217-00^ 

161, 

164, 

167, 

190, 

1V3 

,00 

,00 

,00 

,00 

,00 

50, 

53, 

57, 

60 

64 

,84 

,95 

,21 

.62 

,19 

1.70620 

1,73201 

1.75749 

1.78263 

l.er746 

2.202-003 

2.187-003 

2.173-003 

2.159-003 

2.145-003 
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TABLE XXXII. Vapor P r e s s u r e of Solid 
Tel lur ium Tetrafluoride 

T(C) P(TORR) LOGPdORR) 1 /T(K) 

26,UU 

JO.OO 

.i5,00 

40,00 

45,00 

60,00 

55,00 

60,00 

65,00 

/U.UU 

/6,00 

0,03 

0,04 

0.06 

o .uy 

0,13 

0,19 

0,26 

0.37 

0,51 

u , /O 

0,95 

•1.55326 

-1,37765 

-1,20775 

-1,U4328 

-0,88397 

-0,72959 

-0 ,67Vy2 

-0,43474 

-0,29385 

-0.15/07 

-0.02422 

3.354-003 

3.299-003 

3.245-003 

3.193-003 

3.143-003 

3.095-003 

3 .04/-Dfl3 

3.002-003 

2.957-003 

<:.914-003 

2.872-003 

60.00 

-«•. 0 0 

1.27 

1.70 

0,10487 

U,23035 

2.832-003 

2.^92-003 

VO.OO 2.25 0,35238' 2.754-003 

95,00 2.96 0,47110 2.716-003 

lUO.OO 3TS? U,68663 2.6HU-nU3 

lUS.OO 5^,00 0,69911 2.644-003 

IIU.DO 6,44 0,80866 2.610-003 

116,DO BTTS U,yi536 2.6/6-0U3 

12 0,00 10.46 1,01936 2.544-003 

125,00 13,21 1,12078 2.512-003 

l,iU.UO 16.58 1,21966 2.4BU-00i 
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8. TeF2 Gas 

a. Thermochemical Data. The standard enthalpy of formation 
of TeF2(g) was estimated by analogy. For both SF2(g) and SeF2(g), the 
enthalpy of atomization is related^' to the average bond energy of the cor
responding hexafluoride by 

AHa°(MF2,g) = 2.2D(M-F)j^p^. 

D(Te-F)'j'gp can be calculated as follows: 

D(Te-F)xeF6 = (lA)[AHf°(Te.g) + 6AHf°(F,g) - AHf°(TeF6,g)] 

= (l/6)[50.5 + 113.4 + 327.2] 

= 81.85 kcal mol" ' . 

Thus, 

AHa°(TeF2,g) = 180.2 kcal mol" ' . 

Substitution of the appropriate values in the equation 

AHa°(TeF2,g) = AHf°(Te,g) + 2AHf°(F,g) - AHf°(TeF2,g) 

gives 

AHf°(TeF2,g) = -92.0 ± 3.5 kcal mol" ' 

for the reaction 

Te(c) + F2(g) - T e F 2 ( g ) . 

For the reaction 

|Te2(g) + F2(g) - TeF2(g), 

AHf = -112.1 ±3.6 kcal mol" ' . 

Additional thermodynamic functions for TeF2(g) a re given in Table XXXIII. 



T A B L E XXXIII. T h e r m o d y n a m i c P r o p e r t i e s of 
T e l l u r i u m Dif luor ide 
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- i t f i ' ^ i o — l i ^ . i i r L/JL 
( U t U . K . ) (CAL/DEG/MUI-) (CAL/DEG/MOL) (CAL/OtQ/MOL) (CAL/DECP/MOL ) 

0,00 
10U,00 
20U,0Q 
2 / 3 , 1 5 
29B,15 

-3JU!a.aJL 
400,00 
5UO,00 

-600 ,00 . 
/ C O , 0 0 
a o o . o o 

. .vug,00 

0.000 
47 .622 
53 .254 
5 5 . 9 3 / 
5 6 . 7 2 1 
5 6 , 7 7 / 
59 .464 
61 .67a 
63 .573 
65 .235 
6 6 , 7 1 / 
6a .055 

0.0000 
7,9796 
6,3905 
6 ,8624 
9 ,0283 
9 . 0 4 0 5 . 
9,6611 

10,1823 
_ia.,60A9.. 
10,9529 
11,2376 
11,4747-

0,000 
55,601 
.iU644. . 
64,600 
65,749 

..6J3..81Z.-
69,126 
71.860 
74,180 
76.183 
77.955 
_79..53Q 

0,0000 
8,1433 

._.9.,5.a40_ 
10,6615 
10,9950 
-U_,J1J.6SL-
11,9545 
12,6335 
12,9 0 02--
13,1422 
13,3067 
13,4273 

lUOO.OO 
1100,00 

.i2.!UI^IU]-
1300,UO 
1400,00 
L2I1 
1600,00 
1 /00 ,00 

-l_8i.a4-QiL-
1900,00 
<;uou,oo 

69.274 
70.395 

72.39? 
73.300 
74.14/-. 
74,946 
75.701 
._7_6t4JJ. 
77.09V 
77.748 

11,6745 
11,8449 
11 ,9918-
12,1195 
12,2315 
12,3305 
12,4186 
12,4976 

.12,^5636-^ 
12,6329 
12,6914 

80,949 
82.240 

..63,-424.. 
84.517 
8 5 , 5 3 1 

87,364 
66,199 

89.732 
90.440 

13,6145 
13,5604 

-13,6313 
13,6713 
13,7034 

- 4 1 , J 2 S 4 _ 
13,7609 
13 ,7688 
13,7636 
13,7966 
13,8076 

( U t G . K . ) 
( H ° - H ° 2 9 8 ! 

I K T A L / M U L ) 
.AHf 

( K r t l /Mf l l 1 
-AGf 

(HCAIVMOM 
LOG Kf 

0.00 
100,00 
200,00 
2/3,15 
298,15 
300,00 
4on, nn 
500,00 
600,00 
/Q0,00 
aOO.OO 
900,00 

-ui-Oii+mi-. 
1100,00 
1200,00 
JLilUL.Jl.0_ 

-2,6Vla 
-1,893a 
-1,013/ 
-0,2710 

1400,00 
1500,00 

_J.4J1J1-̂ DD_ 
1/00,00 
1B00,00 

_XilIU-^fL0-
2UU0,QU 

0,0000 
0,0204 
_tttZ2X-
2,3994 
3,6724 
4,9753 
6,2963 
7,6354 
8.96?/ 

10,3376 
11,6963 
JJ^Jliiia-
14,4323 
15,8040 

-JJ!..1Z6Q..-
16,5541 
19,931/ 

__21...31I1X. 
22,6V1U 

-111.49 111,49 
111,76 
111,99 
112,09 
112,10 
112,10 
-llif4,6-
112,18 
112,16 

-1.12.^X8-
112,16 
112,15 
-ia2»l-J-
112,11 
112,10 
112,08 
112.07 
112,05 
-112-,44-
112,03 
112,-02 

112,01 

110,53 
109,16 
108,1? 
1 0 7 , 7 0 
107.67 

-146 ,19 
104,69 
103,20 

_LOJ^-0-
100.20 

9 6 . 7 1 

95 .73 
94 .24 

-a2..-75-
91,26 
69 .78 

-68 .30 
8 6 . 8 1 
65 .33 

.-83,65 
62 ,36 

241,56 
119,27 

8 6 . 5 1 
78 ,95 
78 ,44 
56 .02 
45 ,76 
37 ,59 
31 ,75 
27 ,37 
23 ,97 
21 ,25 
19 ,02 
17 ,16 
l h . 5 9 
14,25 
13,06 

- 1 2 , 0 6 . 
11 ,16 
10 ,36 

— 9 , 6 4 
9,00 

http://JLilUL.Jl.0_
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b. Data Used in the Statistical Calculations 

M = 165.5968. 

r (Te-F) = 1.87 A; FTeF = 100° (estimated values). 

Symmetry = C^^; 0 = 2 (TeClj structure** assumed). 

^A^B^C = ISl'^:^ X 1 0 " ' " i c-y. 

CD = 800, 630, and 420 cm"' (estimated). 

9. TeF Gas 

a. Thermochemical Data. The standard enthalpy of formation 
of TeF(g) was estimated [as were AHf°(SF,g) and AHf°(SeF,g)] by assuming 
that the enthalpies of the following decomposition reactions are the same: 

TeF2(g) - T e F ( g ) -̂  F(g); 

TeF(g) - Te(g) -̂  F(g). 

For the reactions 

(1) Te(c) +iF2(g) - TeF(g): 

AHf° = -20.8 ± 7.0 kcal mol" ' . 

(2) iTe2(g) +iF2(g) - TeF(g): 

AHf = -40.9 ± 7.1 kcal mol" ' . 

Additional thermodynamic functions for TeF(g) are given in Table XXXIV. 

b. Data Used in the Statistical Calculations 

M = 146.5984. 

r (Te-F) = 1.86 A (estimated). 

I = 9.4992 X 10"^' g cm^ 
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T A B L E XXXIV. T h e r m o d y n a m i c P r o p e r t i e s of 

T e l l u r i u m Monof luor ide 

T 
(UbG.K,) 

0,00 
100,00 
200,00 
273,15 
298,16 
jou.on 
400,00 
500,00 
600,on 
/00,00 
600,00 
VOO.00 

luou.oo 
HOG,00 
1200,00 
1300,00 
1400,00 
1500,nn 
160U,D0 
1/00,00 
1800,00 

.((f -H° )/T 
(CAL/DEG'i'MUL) 

0.000 
42.69V 
47.541 
49.762 
50.396 
5n.44l 
52,562 
64.252 
55.664 
56.877 
57.944 
58.894 
59,753 
60.536 
61.255 
61.92U 
62.540 
6 .̂ . 11 a 

63.662 
64.174 
64.65V 

(kf -H° )/T 
(CAL/,DEG1#M0L) 

0,0000 
6,9545 
7,n556 
7,2066 
7,2651 
7,5AO? 
7,4644 
7,6662 
7,Alio 
7,9339 
8,0323 
fi, 11 4f| 

8,1827 
8,2411 
8,2014 
8,3351 
6,3733 
fi, 4(171 

8,4371 
8,4640 
8,4882 

Sf 

(CAL/DEG/MOL) 

0,000 
49,654 
64,597 
56,971 
67.661 
57,7in 
60,046 
61,919 
63.478-. 
54.611 
66.976 
67.nns 
67,936 
68,777 
69,546. 
70,255 
70.913 
•'l,̂ ?'i 
72.099 
72.638 
73.147 

e 
(CAL/DEff/MOL) 

0,0000 
6,9755 

. 7,4170 
7,8230 
7,9365 
7,9465_ 
8,2641 
6,4866 
8^610*-
8,6916 
8,7468 
B,»H5S 
8,8144 
8,6356 
B,R«i2« 
8,6664 
8,6767 
8,8642 
8,8911 
8,6968 
«,eni7 

1VOO,00 65 .11a 6 ,5101 73,626 8 ,9056 
200U,00 65 .565 8,5300 74,085 8 ,9093 

T (H°-H'29e) - i H f -AGf LOG Kf 
( D b B . k , ) i K r t l /MCJLl (KCAL/MDI.) (KCAI /MOD 

0.00 .2,1661 4ni82 40.62 IM— 
100,00 .1,4706 40,66 41.05 69,71 
200,00 .0,7550 40i89 41.19 45,01 
273,15 .0,1970 40,90 41,32 aai06 
298,15 0,0000 40,90 41,31 30,28 
300,00 0,014/ 40,90 41,32 30,10 
400,00 0,627/ 40^91 iX^-iS 2a+A5_ 
500,00 1,6670 40,92 41,59 16,16 
6U0,00 2,5223 40,92 41,72 15,20 
/OO.OO 3,367/ 40,93 41 .85 13.07 
500,00 4,259a 40,93 41,99 11,47 
VUO.OO 5,1365 40*94 42,12 10,23 

1000,00 A t (11.64 40,95 42,?5 i^23-
1100,00 6,8991 40f96 42,36 8,42 
1200,00 7,7636 40(97 42,51 7,74 
1300.00 6,6695 40,96 42,63 T ,t7 
1400,00 9,5566 40*99 42.76 6,66 
1500,00 10,4446 41(01 42,88 6,Z5 

_X6U 0 , 0 0 1 1 , 3 3 3 ^ 4 i , -0a i i ^ - O l ^ « g f 
1 / 0 0 , 0 0 1 2 , 2 2 2 6 4 1 ( 0 4 4 3 , 1 3 9 i 9 4 
IBOO.OO 1 3 , 1 1 2 / 4 1 , 0 6 4 3 , 2 6 » | 2 5 
i v n i i . n n 1 4 . n u 3 l 44 ,̂-(L7 -45,-5a * • ; ? 
.iOUO.OO l 4 ,BV3a 41,09 43,50 4 . / 9 
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10. Te2Fio G a s 

a. T h e r m o c h e m i c a l Da ta . The s t r e n g t h of the T e - T e bond in 
Te2Fio(g), i . e . , the enthalpy of the r e a c t i o n 

Te2Fio(g) - 2TeF5(g) , 

was e s t i m a t e d to be 34 ± 10 k c a l m o l " ' by the m e t h o d s ou t l ined in S e c 
t ion III.A. 12.a.(2) . (The s t r e t c h i n g - f o r c e c o n s t a n t for the T e - T e bond was 
ca l cu la t ed f rom s p e c t r a l d a t a ' " to be 6.06 x 10* dyn c m " ' . ) Subs t i tu t ion of 
this bond e n e r g y and the va lue AHf°(TeF5,g) = -277 .2 ± 5.0 k c a l m o l " ' into 
the e x p r e s s i o n 

AHf°(Te2Fio,g) = 2AHf°(TeF5,g) - D(Te-Te),j ,g^p^^ 

y ie lds 

AHf°(Te2Fio,g) = - 5 8 8 + 12 kca l m o l " ' . 

F o r the r e a c t i o n 

Te2(g) + 5F2(g) = Te2Fio(g): 

AHf = -628 .2 ± 12 kca l m o l " ' . 

Addi t ional t h e r m o d y n a m i c funct ions for Te2FiQ(g) a r e given in Tab le XXXV. 

b . Data Used in the S t a t i s t i c a l C a l c u l a t i o n s 

M = 445.1840. 

r ( T e - T e ) = 3.02 ± 0.1 A; r ( T e - F ) = 1.84 A; F T e F = 90°. 

S y m m e t r y = D ,; 0 = 8 (S2F1Q s t r u c t u r e a s s u m e d ) . 

W B ^ C " 6,121,700 X 1 0 " " ^ g^ c m ^ 

CD = 726, 682, 475, 168, 50 ,* 752, 734, 468, 714(2), 468(2), 360(2), 
800(2),* 670(2), 259(4), 670(2), 319(4), and 138(2) c m " ' . ' " 

*Estimated by analogy with SOFIQ. 



TABLE XXXV. Thermodynamic Proper t ies of 
Ditellurium Decafluoride 

(u 'bU,K, ) (CAU/DEGyMuL) ( C A L / D E G T M O L ) (CAL/DtG/MOL) (CAL/DEGp/MOL) 
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0,00 
100,00 
200,0 !L-
273,15 
298,15 
300.00 

Q, UUU 
56.28/ 
_69.2_2a-
76.357 
78.061 
76.B61 

0,0000 
12,3259 
_2D-.2279-

0,000 
70,613 
.8iA56-

25,6900 
27,3929 
27.5152 

102.047 
106,074 
106.366 

0,0000 
19,6418 
_35-.9iL61_ 
44,7896 
47,1557 
47,3169 

400,00 
500,00 
600.00 
/OO.OO 
800,00 
VOO.OO 

lUUU.OO 
1100,00 
1200,00 
13U0,00 
1400,00 
1500,00 
1600,00 
1700,00 
1BU0,00 
1900,00 
2000,00 

87.605 
95.571 

102te2/_ 
109.46u 
115.561 

126.386 
131,242 
135.J/64 
14 0,U5 0 
144.06B 
147.86/ 
151.46/ 
154.68a 
-156-t-l-*/ 
161.25a 
164.234 

33,3934 
37,9829 
_41..9iJ.-4-
44,4434 
46,7623 
48,6713 
50,2682 
61,6203 
_52j7801 
53,7849 
54,5631 
65.4371 
56.1242 
56,7382 
57,2901 
57,7886 
58,2415 

120,999 
133,554 
144,406 
153,903 
162,313 
169,644 
176,654 
182,863 
186.565 
193,635 
196.732 
203.304 
207,591 
211.626 
_215j^l3_7_ 
219.047 
222.476 

54,1385 
58,2076 
_6J)+7Ji98-
62,3944 
63,6246 
64,3271 
64,9152 
65,3582 
65,6996 
65,9661 
66,1830 
66,3574 
66,5009 
66,6204 
6-64J720_9_ 
66,6062 
66,8793 

(UtU,K,) ''':^SL\ (KCA 
.AHf 

(KCAL/MOL) 
-AGf 

(KCAL/MOL) 
LOG Kf 

0,00 
100,00 
200,00 
273,16 
298,15 
300,00 
400.00 
500,00 
600,00 
/UO.OO 
800,00 
900,00 

1UOO,00 
IIOU.OO 
1200,00 
1300,00 
1400,00 
1500,00 
1600,00 
1700,00 
1600,00 
IVOO.OO 
2UUO,00 

.8,1672 

.6,9346 

.4,1216 
H 1 , 1 5 Q U 

0,OOUU 
0,0874 

-_5_a9CL2-
10,8243 
16,7611 
22,9433 

623.44 

29,242/ 
35,6374 

_4 i j j J - i i L 
48,615/ 
55,1693 
61.7532 
66,3611 
74,966* 
61,6316 
88,287a 
94,9550 

101.6315 
108,315a 

626,45 
627,93 
628.23 
628,20 
628,20 
-622 ..8Z-
627,11 
626,20 
625,16 

624 ,10 
622 ,96 
621 .83 
620,67 
619,49 
618.31 
617.13 
615,96 
614,78 
613,61 
612,44 
-611 ,?H 
610,13 

623.44 
607,66 
568,16 
573.70 
668.49 
568.12 
546.14 
528.30 
608.62 
469.10 
469,73 
460.60 
431.40 
412.41 
393.54 
374.75 
356,06 
337.44 
318,93 
300,45 
262,10 
?63,76 

245,49 

INF 
1328,09 
642,71 
459.02 
416,72 
413,86 
g99,49 
230,92 
165,26 
152.70 
126,33 
109,40 
94,26 
81,94 
71,67 
63,00 
6 5 , 5 8 
49 ,17 
43 ,56 
36 ,63 
34 ,25 
:^n,34 
2 6 , 6 3 
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11. Te2Fio Liquid 

a. Boiling Point. 53°C." 

b. Vapor P r e s s u r e . English and Dale'" give the following 
equation for the vapor p ressu re of Te2Fio(l): 

log P (Torr) = 9.200 - 2063.O/T (-33 to 54°C). 

This equation was used to calculate the vapor p re s su res in Table XXXVI. 

c. Thermodynamic Data. For the reactions 

(1) Te2Fio(l) - Te2Fio(g): 

ASv°26 = 29 cal deg"' mol" ' ; ' " 

AHv° „ is estimated to be 9.8 ± 0.2 kcal mol" ' . 

(2) 2Te(c) + 5F2(g) - Te2Fio(l): 

D. Oxygen Fluorides 

1. OF Gas (Oxygen Monofluoride) 

a. Thermochemical Data. The enthalpy of formation of OF(g 
was estimated by assuming that the strengths of the two O-F bonds in 
OF2(g) are equal. Consequently, 

D(OF) = iAHa°(OF2) = i[AHf°(0,g) + 2AHf°(F,g) - AHf°(OF2,g)] 

= i [59 .6 -I- 2(18.9) - 5.86] 

= 45.8 kcal mol" ' . 

Thus for the reaction 

i02(g) +iF2(g) - O F ( g ) : 

AHf° = 33 ± 5 kcal mol" ' . 

Additional thermodynamic functions for OF(g) are given in Table XXXVII. 
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TABLE XXXVI. Vapor P r e s s u r e of Liquid 
Ditellurium Decafluoride 

K C ) P(TORR) LOGP(TORR) 1/T(K» 

-33,00 

-29,0 0 

-25,00 

-21,00 

-17.00 

-13,00 

-9.00 

-5,00 

-1,00 

3,00 

4,07 

5.63 

7.70 

10,43 

14.00 

18.62 

24.55 

32,10 

41,65 

53,63 

0,60954 

0,75028 

0,88648 

1,01836 

1,14613 

1,26996 

1,39004 

1.50654 

1.61962 

1.72942 

4.164-003 

4.096-0O3 

4.030-003 

3.966-003 

3.904-003 

3.844-003 

3.786-0O3 

3.729-003 

3.674-003 

3.621-003 

7.00 68.56 1.83609 3 .570-003 

11.UO 87.05 1.93975 3 .519-003 

lia.UU 109.78 2 , 04053 3 .470-003 

19 . U 0 137.58 2.1^3J5 6^- 3 .423-003 

23,00 171.37 2,23394 3.377-003 

27,00 212,21 2.3?67/ 3.332-003 

^ ,_QQ 26 U^l 2,41716 3.288-003 

,J6.00 320,04 2.5n521 3.245-003 

3V.0U 389.94 2.5910U 3.204-003 

<t3.0U 472.73_ _ 2.67452 3.163-003 

47.00 570.36 2,75615 3.124-003 

i;l,UO 5^T9"? 2783566 J.D85-0O3 
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(UbG,K,) 

T A B L E XXXVII. T h e r m o d y n a m i c P r o p e r t i e s of 
Oxygen Monof luor ide 

. ( G ' ' - H ° ) /T (H° .H° ) /T §° < „ , , 
T^AU/DEGyMUL) (CAL/DEG/MOL) (CAt/DfeQ/MOL) (CAL/DEOT/MOL) 

0,00 
1UU,00 
200.00 
273,15 
298,15 
300.00 
400,00 
500,00 
-MJj-OlL 
/0Q,00 
aoo,UO 
VOO.OO 

1000,00 
1100,00 
_12 0 0,00 
1300,UO 
1400,00 
1300.00 
1600,00 
1/00,00 
1B00,00 
IVOO.OO 
2000,00 

0.000 
36.60/ 
41.426 
43.601 
44,216 
44.256 
46.294 
4 7.901 
49.24U 
5U.391 
51.404 
52.31U 
53.12V 
53.B7V 
54.568 
55,20a 
55.805 
56.36J 
56.6BV 
57.385 
57.664 
58.301 
58,725 

0,0000 
6,9460 
6,9606 
7,0006 
7,0223 
7,n240 
7,1400 
7,2796 
-Z.4090 
7,5314 
7,6406 
7,7369 
7,8217 
7,8964 
7,9624 
8 , 0 2 1 1 
8 , n 7 3 5 
6 , 1 2 0 6 
8.1629 
8 , 2 0 1 2 
B,-236D_ 
8,2678 
8,2969 

0,000 
43,555 
46,386 
50,601 
51,237 
51,282 
53,434 
55.177 
56,AA8 

57.923 
59,045 
60,047 
60,991 
61,775 
62,531 
63,229 
63,876 
64,484 
65,092 
65,586 
66,090 
66,568 
67,022 

0,0000 
«,955Z 
7,0219 
7,2167 
7,3026 
7,3091 
7,6630 
7,9594 
8,1610 
8,3427 
8,4612 
.8,g4»5 
8,6164 
8,6661 
«,70e7 
8,7411 
8,7673 

l,BD66 
8,6215 
8,6341 
8,6449 
8 , 8 5 4 1 

( U f c U . K , ) (KCAL/MUL) 
-AHf 

(KCAL/MOL) 
-AGf 

(KCAL/MOL) 
k06 Kf 

0,0 0 

l u o , n o 
2 0 0 , 0 0 
2 7 3 , 1 5 
298,15 
300,00 
400,00 
500,00 
600,00 
/UU,00 

aoo,oo 
V00,U0 

lUOO.OQ 
1100,00 
1200,00 
1,300,00 
1400,00 
1500,00 
1600,00 
1/00,00 
iaoo,oo 
IVOO.OO 
2000,00 

.2,0937 
-1,3989 
.0,7016 
•0,1615 
0,OU0U 
0,0135 
0,7623 
1,5441 
2,351/ 
3,1763 
4,0168 
4,8695 
5,7260 
6,5923 
7,4612 
6,3336 
9,2092 

10,0871 
-ig.iJ669 
11,6463 
12,7311 
13.6151 
14,5000 

"3_3,0_0 
'33,00 
'33.00 
'33,00 
•33,0 0 
•33,00 
_?i3jJl.-
•33,02 
•33.04 
•33.05 
•33.06 
•33.06 
•33.06 
-33.06 
•33t06 
•33.05 
-33.04 
-33r03 
-33,01 
•32J99 
-32V97 
-39.95 
-32,92 

•33.00 
-32.75 
-32,50 
-32,26 
•32.25 
•32.25 
•31.99 
•31.74 
•31,46 
•31.22 
•30.96 
-30,70 
-30.44 
•30.17 
•29,91 
•29.65 
•29,39 
•29,13 
-28.87 
•28,61 
•28,3S 
•^a.no 
•27,84 

INF 
.71,57 
.55,51 
.25.63 
•23,64 
.28,49 
»17,49 
•13,87 
.11,47 
• 9,75 
• B,46 
.7,45 
.6.65 
.»,99 
.5,45 
.4,98 
• 4,59 
• 4,24 
• 8.94 
.3,66 

*it*t 

.3,04 
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b. Data Used in the Statistical Calculations 

M = 34.9978. 

r(O-F) = 1.621 A (calculated by Guggenheimer's rule^*). 

I = 3.7894 X 10"^' g cm^. 

2. OF; Gas 

a. Cri t ical Tempera ture . - 58.0 ± 0. TC.''^ 

c. Cri t ical Density. 0.553 g cm"^." 

d. Cri t ical Volume. 97.6 cm^ mol 

e. Thermochemical Data. For the reaction 

i02(g) + F2(g) -OF2(g) : 

AHf° = 5.86 ± 0.30 kcal mol"'.^* 

Additional thermodynamic functions for OF2(g) are given in Table XXXVIII. 

f. Data Used in the Statistical Calculations. OF2 has a non
linear s t ructure . 

M = 53.9962. 

r(O-F) = 1.4124 A; EOF = 103.3°. 

Symmetry = C .̂,,; a = 2. 

I ^ I B I C = 101.98 X 10""' ' g' cm^ 

OJ = 929, 826, and 461 cm" ' . ' ' ' 

3. OF2 Liquid 

a. Freezing Point. -223.8°C.''^ 

b. Boiling Point. -145.3°C.'' ' 
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TABLE XXXVIII. Thermodynamic Proper t ies of Oxygen Difluoride 

T .(G'-H* )/T (H'^H' )/T §° g 
TutU.K,) (CAU/DEOyMUL) fCAL/DEG/MOL) (CAU/D6G/M0L) (CAL/DEff/MOL) 

0,00 O.OOU 0,0000 0,000 0,0000 
100,00 41,41/ 7,9562 49,384 8,0665 
200,00 47.005 6,2445 55.^2511 9.0991 
273,15 49.626 8,6018 58.228 10,0515 
298,15 60.385 8,7362 59,121 10,3556 
300,00 50.439 8.7462 59.166 10,3774 
400,00 53,03U 9,2865 62,316 11,3793 
500,00 55.156 9,7762 64,934 18,0659 
600,00 56.97/ 10,2005 67,178 12|i>279 
700,00 68.57/ 10,5570 69,134 18,6444 
aoo.oo 60,00/ 10,8576 70,665 13,0675 
VOO,00 61.301 11x1126 72,414 13,2292 

1000,00 62,484 11,3306 73,814 13,3495 
1100,00 63,573 11,5164 75,091 13,4411 
1200,00 64.582 11,6617 76,264 13.Slg3 
1300,00 65,»23 11,8248 77,348 13,5686 
1400,00 66,404 11,9510 78,355 13,61.40 
1500,00 67.232 12.0632 79.295 13,6509 
1600,00 68.014 12,1634 80,177 13,6814 
1/00,00 66,754 12,2535 81,008 13,7069 
laoo.OO 69.457 12,3348 61,792 13,7283 
IVOO.OO 70,126 12,4087 82.534 13,7466 
2000,00 70.764 12,4759 83.240 13,7623 

T 
(UbQ,K,) 

0,00 
100,00 
200,00 
273,16 
298,15 
300,00 
400,00 
500,00 
600,00 
/00,00 
800,00 
VOO,00 

1000,00 
1100,00 
1200,00 
1300,00 
1400,00 
1500,00 
1600,00 
1/00,00 
iaoo,00 
1VOO,00 

(H°.H|39 ) 
(KCAL/MOL) 

-2,604/ 
.1,8081 
.0,955a 
.0,2561 
0,0000 
0,0192 
1,1099 
2,2644 
3,5156 
4,7652 
6,0614 
7,3966 
8.725V 

10.0656 
11,4134 
12.7675 
14,126a 
15,4901 
16.856/ 
16,2262 
19,5980 
20.971/ 

•AHf 
(KCAL/MQL) 

.6.40 

.6.16 

.5J96 

.5f87 

.5(86 

.5,86 
• 5v62 
•5,63 
.5,85 
• 5.88 
•5,91 
• 5,94 
.5.97 
•6(00 
.6,03 
.6.06 
.6.07 
.6,09 
• 6,10 
•6ill 
•6,11 
• 6.12 

-AGf 
(KCAL/MOL) 

• 6.40 
-7.36 
-8.64 
-9.59 
-9.98 

-10.01 
-11.40 
-12.79 
-14,16 
-15.57 
-16.95 
-18.33 
-19.71 
-21.08 
-22.45 
-23.82 
-25.18 
-26.55 
-27.91 
-29.27 
-30.63 
.32.00 

LOG Kf 

INF 
•16,06 
• 9,44 
.7,66 
• 7,32 
• 7,29 
• 6,23 
• 5,59 
• 6,17 
• 4,66 
• 4,63 
• 4,45 
.4,31 
• 4,19 
• 4,09 
• 4,00 
• 3,93 
• 3,87 
• 3,61 
• 3.76 
• 5.72 
.3,68 

2UOO,00 22,3472 .6fl2 -33.36 •3,65 
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c. Vapor P r e s s u r e 

log P (Torr) = 7.224 - 5 5 5 . 4 2 / T ; ' ' * (14) 

log P (Torr) = 7.3892 - 5 7 8 . 6 4 / T . ' " (15) 

Equation 14 was used to generate the vapor p re s su res given in Table XXXIX. 

d. Thermochemical Data. For the reactions 

(1) OF2(l) -OF2(g ) : 

AHv° „ = 2.65 ± 0.1 kcal mol" ' ; ' " 

ASv°^j = 20.65 cal deg" ' mol" ' . ' " 

(2) i02(g) + F2(g) - OF2(l): 

AHf° = 3 kcal mol" ' . 

4. O2F2 Gas 

a. Thermochemical Data. For the reaction 

02(g) + F2(g) - 0 2 F 2 ( g ) : 

AHf° = 4.3 ± 0.3 kcal mol"'.^'^" 

Additional thermodynamic functions can be found in Table XL. 

b. Data Used in the Statistical Calculations. O2F2 has a non-
planar FOOF structure" ' and was assumed to have a trans configuration. 

M = 69.9956. 

r(O-F) = 1.575 ± 0.003 A; r(O-O) = 1.217 ± 0.003 A. 

FOO = 109.5°; dihedral angle = 87.5 ± 0.5°. 

Symmetry = C^^; 0 = 2. 

I ^ I g l c = 897.86 X 1 0 " " ' ĝ  cm^ 

to = 1024(2), 628(2), 463, and 180 cm"'.*^ 
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TABLE XXXIX. Vapor P r e s s u r e of Liquid 
Oxygen Difluoride 

TOO PtTORR) LOQP(TORR) 1/T(K> 

-195.00 

-192.00 

-109.00 

-1B6.0U 

-163,00 

-160,00 

-1/7,00 

-1/4,00 

-171,00 

-168,00 

-165,00 

-162.00 

-159.00 

-156.OU 

-153,00 

-150,00 

-147.00 

1,31 

2.40 

4,21 

/,1U 

11.56 

18.26 

28.03 

41.92 

61.22 

87.50 

122.62 

168.72 

228.30 

304.16 

399.46 

517.71 

662,74 

U,11/1U 

0,37984 

0,62384 

U.85105 

1,06314 

1,26156 

1,44/6U 

1,62238 

1,78690 

1,94203 

2.08856 

2.22717 

2.35B5U 

2,46310 

2,60148 

2.71409 

2,82135 

1 .«;iiu-uuz 

1.232-002 

1.188-002 

1 .14/-UUZ 

1.109-002 

1.074-002 

1.040-002 

1.009-002 

9.790-003 

9.51U-0D3 

9.246-003 

8.997-003 

8.760-003 

8.536-003 

8.323-003 

8.1?0-0O3 

7.927-003 
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_ T . ( G ° - H ; )/T (H°-H° )/T S° C° 

'(UbU.K. ) " ( C A U 7 0 E G 7 M U L ) ( C A L / D E G ; M O L ) (CAL/DtG/MOL) (CAL/DEQ^MQL) 

U.UO 
100,00 
20 0.0 0 
273,15 
298,15 
300,00 
400,00 
500,00 
600.00 

0.000 
44.SOB 
-5.0 !.6JL4_ 

53.65a 
54.564 
54.62V 

0,0000 
8,3874 
9,3816 

10,2010 
10,4810 
10,5015 

0,000 
52,895 
59.995 
63.659 
65.045 
65.130 

0,0000 
9,2696 

11,569-4-
13,2763 
13,7969 
13,8339 

/oo.uo 
600,00 
900.00 

1UOD,00 
1100,00 
1200,00 
1300,00" 
1*00,00 
1600,00 
1600,00 
1/00,00 
1600,00 

57.797 
60.47B 
62.622 
64.914 
66.604 
68.531 

11,5581 
12,4737 
13,2439 
13,6676 
14,4277 
14.6646 

69.356 
72.952 
76,066 
76.801 
81.232 
83.415 

19,5209 
16,6771 
17,4624. 
18,0054 
18,3909 
18,6719 

1900,00 

2uua,oo 

70.120 
71.692 
72.963 
74.246 
76.451 
76.56V 
77.664 
78.685 
79.65/ 
80.563 
81.468 

15,2742 
15,6006 
15.9013 
16,1566 
16,3616 
16,5615 
16,7601 
16,9206 
17,0656 
17,1971 
17.3171 

86,394 
87,201 
86.664 
90.402 
91.833 
93.170 
94.425 
95.606 
96.722 
97.760 
96,785 

18,8619 
19,0423 
19,1674 
19,2666 
19,3465 
19,4117 
19,4656 
19,5107 
19,9487 
19,9610 
19,6066 

(Ub(i,K, ) 
(H°-H|9s ) 

(KCAL/MUL) 
• AHf 

(KCAL/MOL) 
-AGf 

(KCAL/MOL) 
LOG Kf 

0.00 
100,00 
2UO,00 
273,15 
296,15 
300,00 
400.00 
500,00 
600,00 
/QO.OO 
aou, 00 
VOU,00 

luoD.oo 
1100,00 

1200,00 

i.>on,oo 
1400,00 

1500,00 

16UO.00 

1/uo,00 
iauo,ou 

_19U0j.-tL!L 
2U0U,00 

.3,1249 

-2. 
• 1 . 
• 0 

2662 
2486 
3385 

ooou 
0256 
4983 
1120 
8214 
5V64 

8, 
10, 

A2i 

4173 
2711 
1493 

14, 
15, 

045V 
9566 
8785 

19, 
21. 

-2.3j. 
25, 

2 7 . 

-29x 

8093 
7473 
6V13_ 
64U1 
5932 
549/ 

31,5092 

.5.36 
.4(81 
.4,45 
.4i32 
.4,30 
.4*30 
i4_L25-
.4,37 
• 4,49 
.4,63 
.4,79 
.4 (-96 
.5,12 
.5,29 
.5,45 
.5,61 
.5,77 
• 5,93 
.6.06 
-6,23 
• 6.37 
•6.51 
.6v64 

^-.J6_ 
'7.73 

•10,80 
•13.09 
-13,96 
-14.02 
-17.27 
-20.50 
-23.72 
•26.92 
•30.09 
•33.24 
•36.37 
•39.49 
•42.59 
•45.66 
-48.76 
•51.82 
•54.87 
-57.92 
•60,96 
•63,99 
•67,01 

l-Nf-
.16,89 
.11,81 
•10.^6 
.10,23 
•10,21 
-t9j41_ 

.7.45 

.7,40 
t7,36 
.7,32 
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5. O2F2 Liquid 

a. F r e e z i n g Po in t . 109.7°K.*^ 

b . Boi l ing Po in t . 216°K (dec).^^ 

c. Vapor P r e s s u r e . The vapo r p r e s s u r e s in T a b l e XLI have 
been ca l cu la t ed f rom the following equa t ion of Ruff and M e n z e l : 

log P ( T o r r ) = 7.515 - I O O / T (110 to 173°K). 

d. T h e r m o c h e m i c a l Da ta . F o r the r e a c t i o n s 

(1) 02F2(1) - 0 2 F 2 ( g ) : 

AHv° , = 4.586 kca l m o l " ' ; ' ^ 
216 

ASv°,, = 21.22 ca l d e g " ' m o l " ' . 
216 

(2) 02(g) + F2(g) - 0 2 F 2 ( 1 ) : 

AHf° , = -0 .2 kca l m o l " ' . 
2 I 0 

6. 0 , F , Gas 

a. T h e r m o c h e m i c a l Da ta . F o r the r e a c t i o n 

I 02(g) + F2(g) - 0 3 F 2 ( g ) ; 

AHf° = 3.8 ± 0.75 kca l m o l " ' . ' ' ' ° 

Addi t ional t h e r m o d y n a m i c funct ions for 03F2(g) a r e g iven in T a b l e XLII .* 

b . Data Used in the S t a t i s t i c a l C a l c u l a t i o n s . O3F2 w a s a s 
sumed to have a r ig id , p l a n a r , z i g - z a g s t r u c t u r e . * * 

M = 85.9950. 

r ( O - F ) = 1.5 A; r (O-O) = 1.2 A ( e s t i m a t e d v a l u e s ) . 

FOO = 104°; 0 0 0 = 104° ( e s t i m a t e d v a l u e s ) . 

•Because of the many assumptions made regarding the structure of O3F2. the moment of inertia and the 
calculated thermodynamic functions are probably somewhat inaccurate. 

**From epr spectral studies of a solidified O3F2-CCIF3 mixture.^* it appears that O3F2 may have the 
structure of an asymmetric top. 
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TABLE XLI. Vapor P r e s s u r e of Liquid 
Dioxygen Difluoride 

T(C) P(TORR) tOGP(TORR) 1 /T(K) 

-163, 

-160, 

-157, 

-154. 

-151, 

-148, 

-145, 

-142, 

-139, 

-136, 

-133 

-130 

-127 

UU 

00 

00 

UO 

,00 

,00 

,ou 
,00 

,00 

,uu 
,00 

,00 

,00 

4047129, 

4277769, 

4506627. 

4739382, 

4969748, 

5199467, 

5428307, 

5656063, 

5682552 

61U/61U 

6331094 

6552877 

6//2b50 

23 

,80 

,33 

,70 

,66 

,28 

,68 

.76 

.13 

.16 

.16 

.73 

.16 

6, 

6. 

0, 

6, 

6, 

6, 

6, 

6, 

6, 

6 

6 

6 

60715 

63122 

65404 

,67572 

,69633 

,71596 

,73466 

,75251 

,76957 

,7858/ 

,80148 

,61643 

,H3U7/ 

9. 

6, 

8, 

8, 

6, 

7. 

7 . 

7. 

1 

7 

6 

6 

079-003 

.838-003 

.610-003 

.393-003 

.187-003 

.990-003 

,803-003 

.625-003 

.454-003 

.291-003 

.135-003 

.986-003 

.642-003 

- 1 2 4 . 0 0 6990915.07 6,64453 

•121,00 7206989,04 

-118,OU y421UUU,41 

•115,00 7632888,23 

6,65775 

6,87U46 

6,88269 

- 1 1 2 . 0 0 7 6 4 2 6 0 1 , 1 8 6.89446 

.1U9,UU 8050096,69 b.VOSau 

-106,00 8255340,08 6,91673 

- 1 0 3 , 0 0 8458303,79 

-1UU,00 8658966.71 

6.92728 

6 . 9 3 7 4 / 

6 .705-003 

6 .572-003 

6 .445-003 

6 .323-003 

6 .205-003 

6 .092-003 

5 .983-003 

5 .877-003 

5 . 7 7 5 - 0 0 3 
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TABLE XLII. Thermodynamic P r o p e r t i e s of Tr ioxygen Dif luoride 

T . ( G» -H ' , ) / r (H°-H° ) /T S! C l ^ -_ -
UrtB7l<;n^AL7Dl^J'MUL) (CAL/OESyMOD (CAL/DEG/MOL) (CAL/DEOS'MOL) 

—jJToT oTToo 0.0000 o.ooo o.oooo 
100 00 48.665 8,6796 57,545 ^'^ <ll\l 
20 0-!oO _ J 5 ^ 6 3 - _ - _ _ ^ J ^ 5 i 6 66.113 ^ ^ ^ ^ ^ 4 " 
273,15 69.009 12.1677 71,176 ^I'tlit 
298 15 60,096 12,6593 72,755 l«t*092 

' " An,174 12.6949 72,669 1«.^630 
64.076 14,4492 76,524 20,7606 
67,457 15,8720 83,329 22,2356 
70.4 5_6 17.0161 .87.472 2i+ill4-^ 
73,161 17,9432 91.094 23.7986 
75.596 18,7038 94,302 24,2332 
77.639 19,3364 97,175 24,6450 

300,00 
400,00 
5QO,D0 
600.00 
/OO.OO 
aoo.oo 
VOO,00 

1000,00 
1100,00 
^ypj_oj_ 

79.905 19,8694 99,774 24.7754 
81,620 20,3237 102,144 24,9500 
8 3 . 6 0 6 Z^a 1 5 i 104j_321 25.^0J-5Ji -
8 5 . 2 7 a 2 1 , 0 5 5 5 1 0 6 , 3 3 3 2 5 , 1 9 2 0 
8 6 . 6 4 9 2 1 , 3 5 4 1 1 0 8 . 2 0 3 23,277b 
6 6 . 3 3 2 2 1 . 6 1 8 1 1 0 9 . 9 5 0 ? ? | 3 4 7 3 

1 3 0 0 , 0 0 
1 4 0 0 , 0 0 
1500 , oo __^. -
1600,00 89.735 21,8530 111,586 29,4047 
1/00,00 91,U66 22,0634 113,129 25,4526 
laoo.OO 92.332 22.2528 114,6.85 25.,A93JL 
IVOO.DO " 93.640 22,4243 115.964 25,5272 
2000,00 94.694 22,5602 117.275 25,6666 

T (H°-H°298) 'iHf -AGif LOG Kf 
(UtU.K,) (KCAL/M(JL) (KCAL/MOL) (KCAL/MOL) 

U,00 - 3 . 7 7 4 4 -.-5455 - 5 . 2 5 VH— 
1 0 0 , 0 0 - 2 , 9 0 6 4 • 4 , 3 8 - 8 , 9 0 • 1 9 , 4 6 
2 0 0 , 0 0 - 1 , 6 4 4 2 - 3 , 9 0 • 1 3 , 6 5 - 1 4 , 9 2 
273,15 .0,4507 .3,79 -17.16 -l^i^B 
298,15 0,0000 •3i80 ^18,47 .13.54 
JOO.OO 0,0341 -3,80 •18.56 •13,52 
400,00 2j_0053 •3.94 »23.46 »12,82 
500,00 4,1616 •4il9 ^26,32 -12,36 
600,00 6,4353 •4,50 ^33,12 .12.06 
/OO.OO 8,7B5V .4,83 •37.86 ^11.62 
800,00 11,166/ .5*17 .42,55 "11,62 
VOO.OO 13,6284 .5,51 .47,21 .11,46 

1000,00 16,095U .5*85 -51.82 .11,33 
1100,00 18,661/ .6,19 •56,40 "11,21 
1200,00 21,0637 -6,52 -60,95 .11,10 
1300,00 23.597B .6.85 -65.47 "11.01 
1400,00 26,1214 .7,17 -69,97 .10,92 
1900,00 28,6526 .7(46 -74,45 -10,85 
1600,00 31,1904 .7,79 -78.90 .10.76 
1700,00 33,7334 .6*09 .63,34 .10,71 
1600,00 36,2607 .8,38 -67.75 "10,66 
1900,00 3g.831B "8,67 -92.15 gX0.6D 
2000,00 41,3860 "6.95 -96,54 -10,55 
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a = 2. 

I^IglC = 3990.2 X lO""' ' g' cm' . 

CD = 930(2), 463(2), 628(2), 200(2), and 500 cm" ' ( e s t ) . 

7. O3F2 Liquid 

a. Freezing Point. 83-84°K.°^ 

b. Boiling Point. 213°K.'^ 

c. Vapor P r e s s u r e . The following equation was used to gen
erate the vapor -p ressure data given in Table XLIII: 

log P (Torr) = 6.1343 - 6 7 5 . 5 7 / T (79 to 114°K). 

TABLE XLIII. Vapor P r e s s u r e of Liquid 
Trioxygen Difluoride 

7 ( C ) P(TORR) LQOP(TORR) 1 / T ( K ) 

-194.UU 

-192,00 

-190.00 

-166.00 

-1B6.U0 

-164.00 

-162.UU 

-160,00 

-1/8,00 

-1/6,UJ 

-1/4,00 

-1/2,00 

-l/U,00 

-166,00 

-166,00 

-164,UU 

-162,0 0 

-16U.00 

U.UU 

0.01 

0.01 

U.U2 

0.02 

0.04 

U.06 

0.08 

0.11 

0.16 

0.21 

0.29 

0,38 

0,51 

0.66 

U .86 

1.14 

1.46 

-2,40101 

-2,19065 

-1,99041 

-1,/vvBa 

-1,61751 

-1,44360 

-1,27/33 

-1,11820 

-0,96575 

-U,81V9V 

-0,67932 

-0,54459 

-0,4150V 

-0,29052 

-0,17060 

-U,U53U / 

0,05630 

U.16373 

1.263-ODZ 

1.232-002 

1.203-002 

1.174-OOZ 

1.147-002 

1.122-002 

1.09/-002 

1-074-0O2 

1.051-002 

1.029-002 

1.009-002 

9.886-003 

9.510-003 

9.333*003 

8.997-003 

8.838-003 
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d. T h e r m o c h e m i c a l Data . F o r the r e a c t i o n s 

(1) 03F2(1) - 0 3 F 2 ( g ) : 

AHv°i3 = 4.581 ± 0.2 kca l m o l " ' ; " 

ASv° = 21.51 ca l d e g " ' m o l " ' . 

(2) | 0 2 ( g ) + F2(g) - 03F2(1): 

AHf° = -0 .71 ± 0.81 kca l m o l ' ' . ' ° 

8. O2F Gas 

a. T h e r m o c h e m i c a l Data . F o r the r e a c t i o n 

02(g) + i F 2 ( g ) - 0 2 F ( g ) : 

AHf° = 3.5 ± 5 kca l mol" ' . ^^"^ ' 

Addit ional t h e r m o d y n a m i c funct ions for 02F(g) a r e g iven in T a b l e XLIV. 

b . Data Used in the S t a t i s t i c a l C a l c u l a t i o n s 

M = 50.9972. 

r ( F - O ) = 1.412 !;««•«' r (O-O) = 1.22 A.««'«' 

FOO = 100°. '^ '^ ' 

0 = 1 . 

W B ^ C = 54.821 X 1 0 " " ^ g ' c m ' . 

CD = 1495, 585, and 376 c m " ' . ' " " ' ^ 



TABLE XLIV. Thermodynamic Proper t ies of 
Dioxygen Monofluoride 
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T 
(Ut(i.K.) 

0,00 
100,00 
200,00 
273,15 
298,15 
300,00 

.((? -H° )/T 
(CAL/DEG7MUL) 

(1. U 0 u 
43.392 
49.U5y 
51.75V 
52.542 
52.698 

(H° -M! )/T 
(CAL/DECyMOL) 

0,0000 
8,0007 
8,4606 
6,8792 
9,0154 
9,0263 

b" 
(CAL/DtG/MOL) 

0,000 
51,392 
57.520 
60.636 
61.558 
61,623 

(f 
(CAL/DE(^/M0L) 

0,0000 
8,2422 
9,6096 

10,3944 
10,6099 
10.6250 

40U,00 
500,00 
600,00 
/OQ.OO 
800,00 
900,00 

56.264 
57.433 
59.276 
60.685 
62.316 
63.60b 

9,5164 
9,9314 

10,2651 
10,5686 
10,8605 
11.0779 

64,780 
67,365 
69.561 
71.473 
73.167 
74.666 

11,3183 
11,6422 
1!»,2469 
12,6588 
12,7994 
1g,9660 

1000,00 
1100,00 
1200,00 

64.766 
65.66b 
66.671 

11,2763 
11,4605 
11.6P43__ 

76,062 
77,319 
76,476 

13,1322 
13,2481 
13,3410 

1300,00 
1400,00 
1600,00 

67,806 
66.66U 
69.603 

11,7409 
11,8626 
11,9723 

79,547 
80,543 
81.475 

13,4163 
13,4781 
13,6293 

1600,00 
1700,00 
1800,00 

70.279 
71.01,5 
71.711 

12,0710 
12,1603 
12,2417 

62,350 
63,173 
_8i,.952_ 

13,5721 
13,6082 
13,6390 

1900,00 
2000,00 

72.374 
73.uoa 

12,3159 
12,3840 

84,690 
65,392 

13,6653 
13,6681 

(UbG.K.) 
<H'-H|9e ) 

(KCAL/MOL) 
• AHf 

(Kf!AL/MOL) 
-AGf 

<KCAL/MOL) 
LOG ti 

o,no 
100,00 
20 0,0 0 
273,15 
296,15 
300,00 
400.00 
600,00 
600,00 
7 0 0.00 

aoo.oo 
900,00 

1000,00 
1100,00 
1200,00 
1300,00 
1400,00 
15UU,00 
1600,00 
1 / 0 0 , 0 0 
IBO.0,0 0 
1VOO,00 
2U00,00 

-2,6660 
"1 ,6879 
•0 .9956 
•0 .262b 
0,0000 
0,0l9b 
1.116b 
2.2778 
3.4631 
4.7241 
6.9926 
7,2821 
8.6683 
9,907a 

11,2372 
12.5752 
13,920U 
15,2/04 
16, 62.6^ 
17,9640 
19.3470 
20.7123 
22.0aOU 

.3.94 

.3,70 

.3)55 
»3f5D 
• 3.50 
.3,50 
.3,50 
.3,53 
.3,56 
'3,60 
.3,64 
.3,67 
.3,71 
"3,75 
•3,78 
'.3,81 
• 3,84 
• 3,86 
"3,88 
.3f90 
.3,91 
.3-92 
•3,92 

-3.94 
•4.74 
•5.84 
-6.64 
•6.96 
•7.00 
•6,17 
-9.33 

.10,49 
•11.64 
•12.79 
•13,93 
-15.07 
-16,20 
-17.33 
•18.46 
•19,99 
•20,71 
•21.83 
-22,96 
-24,08 
•25.20 
•26.32 

.10,35 
"6,38 
.6,32 
.6,12 
.5,10 
"4.46 
.4,06 
.3,82 
.3,63 
.3,49 
.3,38 
.3,29 
"3,22 
.3,16 
"3,10 
"3,06 
"3.02 
"2,98 
.2.95 
.2,92 
.2,^0 
.2.68 
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A P P E N D I X 

C o m p u t e r P r o g r a m for C a l c u l a t i o n of 
Ideal Gas T h e r m o d y n a m i c F u n c t i o n s 

1. T i t l e 

Ca lcu la t ion of T h e r m o d y n a m i c F u n c t i o n s of G a s e s . 

2. P r o g r a m N u m b e r 

43E7152. 

3. D e s c r i p t i o n of the P r o b l e m 

The p r o g r a m wi l l p r o d u c e a t ab le of funct ions which r e p r e s e n t 
c e r t a i n t h e r m o d y n a m i c p r o p e r t i e s of an i d e a l g a s . F o r a d e t a i l e d d e s c r i p 
t ion of t he se funct ions, see Sect ion 9 of t h i s append ix . 

4. Machine 

3600-FORTRAN S C O P E . 

5. Running T i m e 

<5 sec p e r c a s e . 

6. Input In fo rmat ion R e q u i r e d 

C a r d No. of 

Type C a r d s F o r m a t Con ten t s of C a r d 

1 1 1 6 N E L = the n u m b e r of e l e m e n t s in b a s i c H°, S° 
t ab le d i c t i o n a r y . 

2 23 F12 .2 , T j , HJ^^' S^_n' (i = !• 2 23). T h e r e a r e N E L 
2F12 .3 b locks of c a r d s of Type 2, e a c h b lock c o r r e s p o n d 

ing to a d i f fe ren t e l e m e n t , which is denoted by a 
s u b s c r i p t n (n = 1, 2, . . . , N E L ) . F o r each b lock , 
the p r o g r a m wil l check to be s u r e tha t T j = 0, 
T2 = 100, T3 = 200, T4 = 273 .15 , T5 = 298 .15 , 
and Ty. = ( k - 3) • 100 for k = 6, 7, . . . , 23 . 

3 1 9A8 A 7 2 - c h a r a c t e r l abe l , wi th 1 in c o l u m n 1, wh ich 
ident i f ies the gas u n d e r c o n s i d e r a t i o n . 

4 1 216 NOA = the n u m b e r of e l e m e n t s in the g a s ; Z = 
a va lue u s e d in - ( G ° - H ° ) / T and S° to a l low for 
e l e c t r o n - s p i n d e g e n e r a c y . 
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C a r d 
T y p e 

9 

10 

11 

No. of 
C a r d s 

NOA+ A+l l " | 
12 J 

rNOA+4"| 

1 

NC 

1 

F o r m a t 

1216 

16 

Con ten t s of C a r d 

NOA v a l u e s of Kj^, w h e r e K^ i s a s u b s c r i p t 
d e s i g n a t i n g which e l e m e n t i s in the g a s . T h e s e 
v a l u e s should a p p e a r s ix to a c a r d , or l e s s on 
the l a s t c a r d . 

N F V = the n u m b e r of v i b r a t i o n a l f r e q u e n c i e s . 

6 F 1 2 . 4 FV^ (i = 1, N F V ) , s ix v a l u e s to a c a r d , or l e s s 
on the l a s t c a r d . 

4E20 .9 a, Mj (i = 1, 2, NOA), four v a l u e s to a c a r d , 
or l e s s on l a s t c a r d . 

16 NC = the n u m b e r of a t o m s in the gas (NC a 2). 

4 F 1 2 . 4 Xi, Yi, Zi , Wi (i = 1, 2, . . . , N C ) . 

F 1 2 . 4 AHf. 

Input c a r d T y p e s 1 and 2 a r e input into the c o m p u t e r at the s t a r t of 
the r u n . C a r d T y p e s 3 t h r o u g h 11 define a p a r t i c u l a r g a s . As m a n y g a s e s 
a s d e s i r e d c a n be p r o c e s s e d du r ing the r u n a s long a s a l l the e l e m e n t s in 
vo lved have b e e n def ined by the i n f o r m a t i o n of c a r d Type 2 a t the s t a r t of 
the run . 

7. P o s s i b l e Output 

a. A l i s t i n g of i n f o r m a t i o n which is input on c a r d Type 2. 

b . A l i s t i n g of T j , H°, and Sj for each e l e m e n t def ined \)y input 
T y p e 5. 

c. A l i s t i n g of the i n f o r m a t i o n def ined by c a r d T y p e s 7, 8, 10, 
and 11. 

d. 

e. 

f. 

A p r i n t o u t of the t i t l e g iven by input c a r d Type 3 . 

A f i v e - c o l u m n l a b e l e d l i s t i n g of T, - ( G ° - H ° ) / T , ( H ° - H ° ) / T , 

S°, and C^. 

A f i v e - c o l u m n l a b e l e d l i s t i n g of T, 
and LOG Kf. 

(H°-H°^g), -AHf, -AGf, 

g. M o l e c u l a r we igh t of g a s 

h. S y m m e t r y n u m b e r = a. 

i. P r o d u c t of m o m e n t s of i n e r t i a . 

j . The r e s u l t s of four l e a s t - s q u a r e s f i t s . 
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8. Special Features , Restrictions, or P rogram Limitations 

a. Only 23 fixed temperatures can be processed. 

b. The program will not handle more than 50 elements correct ly . 

9. Equations Used 

a. Product of Moments of Inertia 

This value is given in the output (Item 9) and is denoted in the 
code by EYE. 

The equations use Avogadro's number, A = 6.02252 • 10 , and 

NC 

vhere NC and W^ are given by input (card Types 9 and 10). 

If NC = 2, 

EYE \ M^ /VIO"A/-Mw 

If NC > 2 

EYE 

•̂ xx -̂ xy 

"•'xy ^yy "•'yz 

"^xz " yz zz 

(lO'^'A)' 

•where 

Ixx = T ( Y f + Z^)Wi -

/NC Y /NC Y 
[I W,Y,) . ^ I W,zJ 

M„ 

lyy = T ( X ^ + Z?)Wi 

NC Y ('^'^ V 
Z WiXij + 1̂  Z WiZ.j 

M„ 
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and 

/ N C \ 2 / N C V 
NC i ? W i X j +( Z WiY, 

I z z = Z ( X ^ Y ^ ) W . ' ^ ' ' 

NC 
Ixy = Z WjXiYi 

1 

NC 
lyz = .Z W^YiZi 

• i " 

NC z 
i = i 

NC z 
1 = 1 

Wj 

w. 

NC 
iXi Z 

1 = 1 

Mw 

NC 
.Yi Z 

1 = 1 

Mw 

Mw 

WiYi 

WiZi 

NC NC 

Z WjXi Z WiZi 

Ixz = Z W i X i Z i - • ^ ' 
NC 

1 = 1 

b . - ( G i b b s E n e r g y Func t ion ) 

T h i s i s l a b e l e d - ( G ° - H ° ) / T in the output . 

If NC = 2, 

- ( G ° - H ° ) / T = 6.863426 log M ^ - 8.005804 + 11.439043 log T 

-4 .575617 log ((3.j.a) + O.D457074j3?[, + 0.953038(3.^ 

NFV 
+ 1.98717 Z {-In [ 1 - e x p ( - 1 . 4 3 8 7 9 F V / T ) ] } 

+ 1.98717 In Z 

w h e r e P j = 2 .799076 • 1 0 " " / ( T • E Y E ) , and FVj a r e g iven by i n p u t d a t a 

Type 7. 

If NC > 2, 

- ( G ° - H ° ) / T = 18.302469 log T + 2.287809 log ( E Y E - l O ' " M ^ / a ^ ) 

N F V 
-10 .297926 + 1.98717 Z {-In [1 - e x p ( - 1 . 4 3 8 7 9 F V : / T ) ] } 

j = ' 

+ 1.98717 In Z . 
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c. Enthalpy Function 

This is labeled (H° - H ° ) / T in the output. 

If NC > 2, 

NFV -1.43879FV: 
( H ° - H ° ) / T = 7.948662 + 1.98717 ,Z x [ e x p ( - 1 . 4 3 8 7 9 F V J / T ) - l ] ' 

If NC = 2, 

(HO-H^j/T = 6.955079 - 0.0914148/3?[, - 0.953038/3,^, 

NFV -1.43879FV; 
+ 1.98717 > ^ 3 = 1 T[exp(-1.43879FVj/T) - l]" 

d. Entropy 

This is labeled S" in the output. 

S° = -(Gibbs Energy Function) + Enthalpy Function. 

e. Heat Capacity 

This is labeled C° in the output. 

If NC = 2, 

C° = 6.955079 + 0.0914148|S?[, 

+ 
NFVf -1.43879FVi V ^ . ^ 

'•''''' j ? , \ T [ e x p ( - 1 . 4 3 8 7 9 F V ; ) T ) - l ] J - P ^ ^ V ^ ) " 

If NC > 2, 

NFV r -1.43879FV. V 

S = '•'^'''' ' '•''''' j?i \ T [ e x p ( - 1 . 4 3 8 7 9 F V ; / T ) - l ] ; - P ^ ^ ^ j A ) -

f. Enthalpy 

This is labeled H° - H°,j in the output and is equal to 
(T/l000)(Enthalpy Function at T) - 0.29815 (Enthalpy Function at 298.15''K). 



83 

g. - ( E n t h a l p y of F o r m a t i o n ) 

T h i s i s l a b e l e d -AHf in the output . 

• AHf 
/ NOA \ / NOA \ 

• [ E n t h a l p y - Z MjHg.^^ + AHJ + [ E n t h a l p y - Z ^j^^inj]-

The s u b s c r i p t s i and 5 r e f e r to the i th and 5th t e m p e r a t u r e 
v a l u e s . T h e M- v a l u e s a r e t a k e n f r o m input (Type 8) and the v a l u e s of 
^ k n i ^•''^ def ined f r o m input T y p e s 2 and 5. 

h . - ( G i b b s E n e r g y of F o r m a t i o n ) 

T h i s i s l a b e l e d -AGf in the output . 

/ NOA \ rj, 
-AGf = - ( E n t h a l p y of F o r m a t i o n ) + ( E n t r o p y - Z MjSJ. • 1 J n o o ' 

T h e S^j^; v a l u e s a r e defined f rom input T y p e s 2 and 5. 

i. Log ( E q u i l i b r i u m C o n s t a n t of F o r m a t i o n ) 

T h i s i s l a b e l e d LOG Kf in the output . 

LOG Kf = -1000(Gibbs E n e r g y of F o r m a t i o n ) / ( 4 . 5 7 5 6 l 7 T ) . 

j . L e a s t - s q u a r e s F i t t i n g P r o c e d u r e , 

The v a l u e s HSp - H° „, defined above , a r e fi t ted by m i n i m i z i n g 

gi = Z [f i(Tk) - 1000(H°- H ° , 3 ) J ' (i = 1, 2. 3, 4), 

sub jec t to t h e cond i t i ons tha t 

fi(T) = 0 

and 

afi(T) 
3T P C° = heat capacity at T = 298.15. 
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We use four methods: 

f,(T) = aT + bT^ + C/T + d; 

f2(T) = aT + bT^ + C/T + d + eT^ 

f3(T) = aT + bT^ + C/T + d + eT=/̂ ; 

and 

f4(T) = aT + bT=/̂  + C/T + d. 

In each c a s e , we d e t e r m i n e c and d by u s i n g the above cond i t i ons and 

obta in 

fi(T) = a.(T) • a + i3(T) • b + d(T), 

f2(T) = a(T) • a + |3(T) • b + A(T) • e + S ( T ) , 

f3(T) = a (T) • a + |6(T) • b + 7r(T) • e + 3(T), 

and 

f4(T) = a (T) • a + 7T(T) • b + S(T), 

whe re 

a (T) = T + ( 2 9 8 . 1 5 ) V T - 2(298.15), 

|3(T) = T^ + 2 ( 2 9 8 . 1 5 ) V T - 3(298.15)^ 

5(T) = Cp • 2 9 8 . 1 5 ( 1 - 2 9 8 . 1 5 / T ) , 

A(T) = T^ + 3 ( 2 9 8 . 1 5 ) V T - 4 ( 2 9 8 . 1 5 ) \ 

and 

7T(T) = T^''^ + (298.15) ' /^ [2 .5(298. 1 5 / T ) - 3 .5] . 

In Methods 1 and 4, a and b a r e d e t e r m i n e d f r o m the l i n e a r 
s y s t e m of equa t ions 

^ g m ^gm „ , , , , 
_ . _ = 0 ( m = l , 4 ) . ^ 
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In Methods 2 and 3, a, b, and c are obtained from the linear 
system of equations 

Sgm Sgm ^gm 

^ r = -ar = T r = ° (- = 2.3). 
F i n a l l y , we h a v e 

c = (298.15)^[a + 2b(298.15) - C°] 

and 

and 

and 

d = 2 9 8 . 1 5 [ - 2 a - 3b(298.15) + C°] for Method 1; 

c = (298.15)^[a + 2b(298.15) - C^ + 3e(298.15)^] 

d = 2 9 8 . 1 5 [ - 2 a - 3b(298.15) - C° - 4e(298.15)^] for Method 2; 

c = (298.15)^[a + 2b(298.15) - C° + 2.5e(298.15)^^^ 

and 

d = 298 .15 [ -2a - 3b(298.15) + C|, - 3.5e(298.15)^^^] for Method 3; 

c = (298.15)^[a + 2.5b(298.15)^^^ - CJ,] 

d = 2 9 8 . 1 5 [ - 2 a - 3.5b(298.15) '^^ + C|,] for Method 4. 
« 

For each method, the program will print the values a, b, c, d, 
and e when applicable, followed by an unlabeled six-column printout 
containing 

Tk' 

observed 1000(H° - H°,g)j^, 

calculated 1000(H° - H",̂ )^ ,̂ 

o b s e r v e d - calculated 1000(H° - H°,j)j^, 

square of preceding difference, 

present e r ro r in calculated 1000(H''- H"̂ )̂ . 
and 

In addition, the program will also output labeled values of the 
standard deviation and average percentage e r r o r . 
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FORTRAN 5,301 

PROGRAM E7152 
"COH>nJN";fOTI^ N : T(23,,HZMMZZ(23,50.,SZ(23.50),X(50,.y(50,.Z(50).W<50^ 
• COI (?3.9).FV(50),DELST(23),XMY(?3).EM(50)jjEMPjj3>,TAY(2-»).ARA(2O 

X 
)C),LAB(9),KN(60) 

4000 FORMAT (F12.2.2^12,3) 
4001 FORMAT (1216) 
40(12 FUWMATi • 1 Il^UT7?«*l 1) 
4003 FORMAT(*0COORDINATE POSITIONS*) 
4004 F0RMAT(6F12.4) 
'4005 FORMAT (4EZU,V) 
4006 FORMAT (* TEMPERATURE INPUT IS OFF*) 
4007 FORMAT lfi*.2,n*.*_,Ii*.2iFl^Ul>^ 
40 0TTORTl(mFl4TI7Fl4 . 3. Fl4 .4 , Fl^Ts, Fi4,4 ) 
4009 FORMAT (F14.2,F14.4.F14.2,F14.2,F14.2) 
4010 FORMAT (.IMOLECULAR WEjOHlJ^S^Ill^A? 
4011 FORMAK.OSYMMtThr WUMeER IS *F5.0) 
4012 FORMAT (.OPRODUCT OF MOMENTS CF INERTIA IS *B20.9) 
6001 FORMAT(70H0 T J^LG.-'W .l/J LM-.T-H-.-)-/.! ^ ^ 
6002%ORMAT (70H ' (DEG.K.) (CAL/DEG/MOL) (CAL/DEG/MOL) (CAL/DEG/MOL 

X) (CAL/DEG/MPLJ_L 
6004 FORMAT ("70H0 f ' ' (H -H > - M 

- V I 0 r* K ) 

6005 FORMAT ( 7 0 H _ (OEGJ<.)__ U<CAL/M01J_„„..(J<CAL/M0L) (j<.C-*LZ-10L 
T) ) 

6007 FORMAT (9A8) 
60U8 FORMAT (*0«) 

jgMP=0 
LYP.60606Q6060606060B 
LZP.60606031452660608^ 
C 0 L {"i, 1) = C IMP (1)» 0 ,'' 
CEMP(2).10D. 
CEMP(3)»200. 
CeMP(A)«273.l5 
CEMP(5)«298.15 
DO 15 K»6,23 

l5 CEMP(K)"(K-3")"*iOO 
T E N 8 « 1 0 0 0 0 » * 2 $ W0W«TENB**3 
VM=1.43879 
ARE = 1,98717 
AVOQe.602252*MOW 
TEN16»TEN6«.2 ^ 
A M E > A V 0 G * T E N 1 6 J AW3«AWE**i 
T E N 4 0 B W O W * T E N 1 6 
CL'LOGFdQ.) W0M5sWOM.*» 
MOM5.WOW5..001 
READ 4001.NEL 
DO 3 iSil.NbL 
DO 3 I«l,23 
READ 4000. T(I),NZMHZZ(I,13).SZ(I.I3> 
IF ((T(n-CEMP(1))*«2-1.) 3.13,13 

13 PRINT 4006 S CALL EXIT 
3 PRINTA^OO^ T(I1.HZMHZZ(I.I3).SZ(1.I3> 

"IT^TA'D 6007,(TA'S(K),K»l,9) 
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FORTRAN 5.301 

IF (Epfl.60)7e30.783l 
7830'CALL EXIT 
7831 READ4001,NOA,IZJZEE»IZ SRLOGZ.l.9«717*L0Gr(ZEE ) 

PRINT 4002,IZ 
READ 4001,(KN(J),Jil,NOA) 
DO 7820 Jsl.NOA S MAAiKN(J) S DO 7S20 KMil.23 

7 8 2 0 P R I N T 4 0 0 0 , T ( K M ) , H Z M H Z Z ( K M , M A R ) . S Z ( K M , M A R ) 
R E A D 4001,NFV 
READ 4 0 0 4 , ( F V ( K V ) , K V « 1 , N F V ) 
PRlNT4004,(FV(KV),KV«l,NrV) 
00 4 NFX»i;iSrFV 

4 FV(NFX)»FV(NrX)*VM 
RE^D 40 05,GAM,(6M(K).K»1.NOA) 
PRINT4 005,GAM,(EM(K).K«1,NOA) 
READ 4001,NC $ PRINT 4003 
WTMOL«0. 
DO 1 K'l.NC 
READ 4004, X(K),Y(K),Z(K),M(K) 
W T M 0 L T M T M 0 L * W ( K ) 1 PRINT4004, X(K)>Y(K),Z(K).M(K) 
IF (NC-3) 57,56.96 

57 CG'6.863426«LOGF(WTMOL)/eL-6.0 05B0 4 
EYE«M(1)/(W(1)«W(2))*M(2)*X(2)*X(2)/AME 
BETAS27.990 76/TEN40/IYE 
GO TO 56 

56 CCG<18.302469/CL 
SXXiSYY«SZZ«XYIsXZI«YZI»SM=SX»SY«SZiO. 
D02 L = 1,NC ^ 
U*M(L) S~WX»U*X(L) JWY«U«Y(1) S MZ=U*Z(L) S SM.SM.U SSX«SX*MX 
SY«SY*WY S SZ»SZ*WZ S XYI»XY1»X(I )*WY S XZt«XZI*X(L)*HZ S YZI = YZI* 

XY(L)*WZ S WXiWX«X(L) S WyHY«Y(L) S WZ«WZ*Z(L-)- » SXX»SXX*WX S SYY« 
XSYY+WY 

2 SZZ»SZZ*WZ 
XX I"SZZ*SYY-(SZ**2*SY«*2)/SM i YYl»SZZ*SXX.(SZ»*2*SX*«g)/SM 

- ZZI«SYY*SXX-(SY**2»SX*»2)/SM S Y7I»YZI-SY/SM*SZ S XZI"XZI-SX/SM»SZ 
XYI»XYI-SX/SM«SY 
EYE.XXI«(YY I«ZZ1'YZI«*2)* X Y_I • (̂ ĵ YI *ZZI-YZI «XZI )-XZI*(XYI*YZl*YY I « 

)fXZTT 
EYE»EYE/AW3 
CG°2.2e7809/CL*LOGF(eYE«WOW5.HTMOL««3/OAM««2)-lO,297926 

58 COL(l ,2)«COL(l ,3)scOL(1.4)«COL(1.5)»COL(l ,6)«0. J C0L(1,»)»W0W 
DO 6 J"2.23 S C0L(J.1)"AT=T(J) I BEE«ACM«CESaO. 
BOTjBETA/AT_ 
CCJRY=.0914148*B0T**X I CORY" .953038.BOT 
IF (Nc-3) 60,59.59 

59 COL(J,2)»CCG*L0GF(AT)*C0 i COL(J•3)»7.948662 
C0L(J,5)=7.946662 ~ 
QO TO 61 

_60 C0L(J,2)»CG*(11.439043.L0GF(AT)-4.»7»617*L0aF(aOT«GAM)l/CL*.5«COPY 
" X*CORY 

COL(J,5).6.9S5079*COPY 
CQL(J.3).6.955o79-COPY-CORY ,. 

61 DO 7 MA«1,NFV S 6XS.rV(MA)/A I s U.ExPF(fcXS) f UH.U- l . » R-EXS/UM 
CEE»CEE*R«U«R I ACM»ACH*R 

7 0EE»-L0GF(1.-1./U)*(JEE __̂  ^ . , .^^ 
CXlL("Tr2y^0L<J.2T*ARI«GEI»RLO0Z S eOL( J7J)«C0L< J.3)*ARe*ACH 



FORTRAN 5,301 

6 C0L(J,5).C0L(J.5|*AHE*CEE 
READ 41!Tr47Dmf 
PRINT4004,DELM 
DO 9 JNH,23 I C 0 L ( J N . 4 ) « C O L ( . ; N , ? ) * C 0 L ( J N . 3 ) 
CDt(JN.6) .UUL(JN, i )».0 01»MJN) " 
SUMl"SUM2sO, S Do 10 LUMil.NOA 
LAM«KN(LUM) ^_ 
SUMliSUMiVEffJluH) *SZ (JN, LAM) 

10 SUM2=SUM2*EM(LUM)«HZMMZZ(JN.LAM) 
DELST(JN)«(COL(JN.4).SUM1)*T(JN)«.001 
!rMY(JN)«C0L(JN,6)-SUM2 

9 C0L(JN.7) . XMY(JN)*D1LH 
X0Y.XMY(5) 

COL(JM.7).-C0L(JM,7)*XOY I COL(jM,e)»DELST(JM)*COL(JM.7) 
COL(JM,9) 'COL(JM,e)/4.5756l7/T(JM)*l0 00. 
IF ( l ( J R D l - l l . l l . l S 

11 C0L(JM.9)"W0W 
12 CONTINUE 

^TR rNT6Tll 7 , (LAB (K) , K i l , 9) 
PRINT 6001SPRINT6002$PRINT600e 
CUM0»C0L(5.6) 
DO 20 JJ^OTZS 
C0L(Jwl,6).C0L(J«l,6)-CUM0 ,,.. „„, , , i . , 

20 PRINT ̂ y8^,COLiJiLlI^0'-'-^J'2'-!^5k'JJill'5°kLJJj-l>.?.P-°!^l^y.'"^^ 
TRINT6O08$PRINT6O0 8$PRrNt6T04IPRINT6OO»SPRINT60 08 
PRINT 40 07,COL(l,l).C0L(l,6).COL(1.7).COL(l,8).LYP.LZP 
DO 21 KK.2|23 ^„ . 

21 PRINT 4009.COL(KK.l),COL(Kk,6),COL(KK,7),C0L(KK.8),COL(KK,9) 
PRINT AOIO.WTMOL 
PRINT 4011,GAM _ _ 
PTnTJT"4 012V EYE 

1400 DO 1401 KI«5,23 % I»KI-4 S TAY( I ) .T (K I ) 
1401 ARA(1)»COL(KI,6)«1000. 

V1«C0L(S,5) 
CALLPL0THEAT(TAY,ARA.V1) 
G0T014 -_ _ „ 

"END" 
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fORTBAfr 5",3Br 

SUBROUTINE PLOTHEAT(T.EV,CP) 
~ D IHfcNSION 1 (191 . E VTTDT ALTiTJTffETTTTJ TBCT19 y7DEL(19) 
X ,P I (19 ) ,T3H(19) 

COMMON JUMP 
4000 FURMAI («OIN HETHUD*.14,<r 
4002 FORMAT (6F20,1) 
4003 FORMAT (*0 STD.DEV,e«,F20.I, 

'A,B,f-TC~ARE.,5b2n.6) 

AVG PERCENT E R R 0 R I * , F 1 0 . 2 ) 
TA = PB = PP"DFi:ALiALALBALBET = B£TeET = DEi:6ETS[rELDeL.O. 
D0lK=l,19 
T3H(K)iS(3RTF(T(K))«T(K) 
AL(K) = T ( K ) * T ( I T * » 2 / T ( K ) - 2 . * T ( 1 ) 
B E T ( K ) « T ( K ) . * 2 * T ( 1 ) * * 2 « ( ? . « T ( 1 ) / T ( K ) - 3 . ) 
DEL(K)«T (K) * *3 *T (1 )««3* (3 . *T (1 ) /T (K1 .4 . ) 
GC(K) = T ( 1 ) * C P « ( T (Tj / t ( K ) . 1 . ) 
PI ( K ) S T 3 H ( K ) » T ( K ) ' » T 3 H ( 1 ) * T ( 1 ) « ( 2 . 5 * T ( 1 ) / T ( K ) . 3 . 5 ) 
R A » P A * A L ( K ) * P 1 ( K 1 
PB = PB*BET(K')*P1(K) 
P P » P I ( K ) » * 2 * P P 
D E L A L S D E L A L * A L ( K 1 « D E L ( K ) 

LBET"DETBt T*BFt ( K ) .DEL (K) 
DELDEL=DELDELtDEL(K)*.2 
ALAL'ALAL'>AL(K)««2 
ALBET»ALBET*AL(K)*BET(K) 

1 BETBET«BET(K)*.2*BETBET 
A12«ALBET/ALAL 
AlJcDELAL/ALAL 
A14ePA/ALAL 
DENaALAL«BETBET-ALBET.»2 
JUMp.l 

2 Sl=S2sS3=S4B0. 
Ml«l 
DO 3 K«l,19 
AD"EV(K)*GC(K) 
SlsSl-AL(K)*AD 
S3=S3*AD*T3EL(K) 
S4:S4«AD*PI(K) 

3 S2»S2*BET(K)«AD ^ 
A»(Sl«BlTBFT.S2*ALBEfT7B¥N 
B«(S2.ALAL-Sl*ALBET)/DEN 
C»(A'>B*2.*T(1)-CP)«T(1)*«2 
D«1(1)»(CP-3,*T(1)«B-A-*) 
PRINT4000,M1,A,B,C,D 

7 SD»SPERBO. 
D04 K«l,19 
G0T0(5,9.11,13).M1 

5 S«(A*B«T(K)>«T(K)*C/T(K)*D 
S0T06 

9 S.(A+T(K)*(B»E*T(K)))*T(K)*C/T(K)*D 
Q0T06 ^ ^ 

11 S"T(KiVrA^B*T(K)*E*TSH(K))*C/T(K)*D 
Q0T06 

13 S»A«T(K)*C/T(K)*D*B«T(K)«T3H(K) 
6 ER=S-EV(K) 

PER»ABSF(ER)/EV(K)*100. 
SPERsSPER•PER 
S0"ER**2" 
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FORTRAN 5 , 3 0 1 

P R I N T 4 0 0 2 , T ( K ) , E V ( K ) . S , ER_. SQ^ER 
4 SD=Sb*SQ 

S D B S 0 R T F ( S D / 1 9 , ) 

_S PER = SP E R / 1 ^ 
P R I N T 4 0 0 3 , S D , S P ^ E R 

Q O T O ( 8 , 1 0 , 1 2 , 1 5 ) , M 1 

8 Ml = 2 _ 
Tl=Si/ALAL 
A22=BETeET/ALBET.A12 
A23.DELBET/AL1EI.A13 
A"32iDELBET/DELAL.AlT~" 
A 3 3 I D E L D E L / D E L A L . A 1 3 

_ T2 = S2/ALBET-_T1 
• t3 = S3/DELAL-Tl 
A23=A23/A22 
T2BT2/A22 
A33=A33/A32-A23 
T3«T3/A32-T2 
EBT3/A33 
B«T2-E*A23 
A5T1-A13.E.A12.B 
D8T(1)*(CP.3.«B«T(1).A-A.4.>E«T(1I*«2) 
C*T(1)»*2»(A*2..B*T(1)-CP*3.*T(1).*2*E) 

P R I N T 4 0 0 0 , M 1 , A , B , C , D . E 

G0T07 
10 Ml«3 

A24.PB/ALBET-A14 
A32»PB/PA-A12 
"A34sPP/PA-A14 
T4«S4/PA-T1 
A24.A24/A22 
AT4.A34/A32-A24 
T4iT4/A32-TZ 
E.T4/A34 
B > T 2 - E * A 2 4 ~ 

A»T1-A14*E.A12*B 
C»T(1)««2»(A«2.«B*T(1)»CR*2.5«T3H(1)*E) 
D»T(l)»(.Z.»A«3.*B*T(l)*CP-3.5«T3H(l)*e) 
PRINT4000,Ml,A,e,C,D,E 
Q0T07 

12 Ml«4 
D0M"ALAL*PP-PA**2 
A«(S1*PP-S4«PA)/D0M 
B » ( A L A L * S 4 - P A * S 1 ) / D 0 M 

C«T(1)**2*(A.CP*2.5.B*T3H(1)) 
D»T(1)«(-2.«A.CP»3.5«T3H(1>«B) 

P R I N T 4 0 0 0 , M 1 , A , B , C , D 

00T07 
15 RETURN 

END 
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